Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


i,  Google 


« 


K.F.  WENDT  LIBRARY 
UW  COLLEGE  OF  Ei\GH. 

215  N.  RANDALL />\T"LIE 


D.j.ieo, Google 


i,  Google 


D,  Google 


i,  Google 


i,  Google 


i,  Google 


i,  Google 


INTERNATIONAL 
LIBRARY  OF  TECHNOLOGY 


A    SERIES   OF  TEXTBOOKS  TOR   PERSONS  ENGAGED  IN  THE  ENGINEERING 

PROFESSIONS    AND    TRADES     OR     FOR    THOSE    WHO    DESIRE 

INFORMATION  CONCERNING  THEM.  FULLY  ILLUSTRATED 

AND     CONTAINING      NUMEROUS     PRACTICAL 

EXAMPLES  AND    THEIR    SOLUTIONS 


EXCAVATING,  SHORING.  AND  PILING 

FOOTINGS  AND  FOUNDATIONS 

AREAS,  VAULTS,  AND  RETAINING  WALLS 

CEMENTS 

CONCRETE  CONSTRUCTION 

STONE  MASONRY 

STONE  ARCHES 

CARPENTRY 

MECHANICS  OF  CARPENTRY 

JOINERY 

THE  STEEL  SQUARE 


i,  Google 


Copyrighl.  I90e.  by  Ii 


Entered  at  Statiancn'  Hall,  Landoa. 


EiicsvBlin£.  Sharing,  and  Piling:     CoprriBht   1R98.  1S9S,   by  Thh  Collibrt  Btini- 

HiER    CoupAHv.     Copviiaht.    1907.    by    Intbrnatiomal    Tbxtbook    Cohpakv. 

Entered  at  Stationers'  HaU  London. 
Footings  and    FoondationB:     Copyright,    189S,    IftOT,   by  Tmk  CoLLlBRY   Engwbbr 

CoHPANT.     Copyright.  1907.  by  I btbh national  Tbxtbook  Compamy.     Entered 

at  Stationers'  Hall,  London, 
Areas.  Vaults,  and  Retaining  Walls:     Copyrighl,  1907,  by  I.ntbbhatiomal  Tbjitboor 

Textbook  Coupanv.     Entered   at 

Concrete  Construction:  Copyright,  1898,  by  Thb  Colliery  Emgikeer  Cou 
Copyright.  1907,  by  Imtbr national  Tbxibooi  Company.  Entered  al 
tioners'  KalL,  London. 

stone  Masonry:     Copyright,   1898.  by  The  Colliery  Ehginber  Company.     Copy 
nght,   1907,    by   International  Textbook  Company.     Entered  at  Stati 
HaU,  London. 

Stone  Arches:  Copyright,  I89S.  1S99.  by  The  Colliery  Ehciheer  Company.  Copy- 
right, 1907,  by  Intehhational  Textbook  Cohfany.  Entered  at  Stationers' 
Hall.  London. 

Carpentry,  Part  1:  Copyright,  1897.  1900.  by  The  Colliery  -Engineer  Coup. 
Copyright,  1907,  by  International  Textbook  Company.  Entered  at 
tioneis'  Hall,  London, 

Carpentry,  Parts  2.  3,  and  4:  Copyright,  1897,  1900.  by  The  Colliery  Engineer 
Company.  Copyright.  IMS,  by  International  Textbook  Company.  Entered 
at  Sutionere'  Hall,  London. 

Mechanics  of  Carpentry:  Copyright.  1907,  by  International  Textbook  Company. 
Enteied  at  Stationers'  HaU.  London 

Joinery:  Copyright,  1899.  1900,  by  Thb  Colliery  Ehginehr  Company.  Copy- 
right. 1908.  by  International  Tbxtbook  Coupanv.  Entered  at  Stationers' 
HaU.  London. 

The  Steel  Square,  Part  1:  Copyright,  1907.  by  International  Textbook  Company. 
Entered  at  SUtioners'  HaU.  London. 

The  Steel  Square,  Part  2:  Copyright.  1908,  by  Ihteenatiokal  Textbook  Company. 
Entered  at  Stationers'  HaU,  London. 


All  rights  reserved. 


mzecDy  Google 


305588 

SEP  -1  ^3:6 

SB 
o0-3 


PREFACE 


The  International  Library  of  Technology  is  the  outgrowth 
of  a  large  and  increasing  demand  that  has  arisen  for  the 
Reference  Libraries  of  the  International  Correspondence 
Schools  on  the  part  of  those  who  are  not  students  of  the 
Schools.  As  the  volumes  composing  this  Library  are  all 
printed  from  the  same  plates  used  in  printing  the  Reference 
Libraries  above  mentioned,  a  few  words  are  necessary 
regarding  the  scope  and  purpose  of  the  instruction  imparted 
to  tbe  students  of — and  the  class  of  stadents  taught  by — 
these  Schools,  in  order  to  afford  a  clear  understanding  of 
their  salient  and  unique  features. 

The  only  requirement  for  admission  to  any  of  the  courses 
offered  by  the  International  Correspondence  Schools,  is  that 
the  applicant  shall  be  able  to  read  the  English  language  and 
to  write  it  suESciently  well  to  make  his  written  answers  to 
the  questions  asked  him  intelligible.  Each  course  is  com- 
plete in  itself,  and  no  textbooks  are  required  other  than 
those  prepared  by  the  Schools  for  the  particular  course 
selected.  The  students  themselves  are  from  every  class, 
trade,  and  profession  and  from  every  country;  they  are, 
almost  without  exception,  busily  engaged  in  some  vocation, 
and  can  spare  but  little  time  for  study,  and  that  usually 
outside  of  their  regular  working  hours.  The  information 
desired  is  such  as  can  be  immediately  applied  in  practice,  so 
that  the  stadent '  may  be  enabled  to  exchange  bis  present 
vocation  for  a  more  congenial  one,  or  to  rise  to  a  higher  level 
in  the  one  he  now  pursues.  Furthermore,  he  wishes  to 
obtain  a  good  working  knowledge  of  the  subjects  treated  in 
the  shortest  time  and  in  the  most  direct  manner  possible, 
iii 
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In  meeting  these  requirements,  we  have  produced  a  set  of 
books  that  in  many  respects,  and  particularly  in  the  general 
plan  followed,  are  absolutely  unique.  In  the  majority  of 
subjects  treated  the  knowledge  of  mathematics  required  is 
limited  to  the  simplest  principles  of  arithmetic  and  mensu- 
ration, and  in  no  case  is  any  greater  knowledge  of  mathe- 
matics needed  than  the  simplest  elementary  principles  of 
algebra,  geometry,  and  trigonometry,  with  a  thorough, 
practical  acquaintance  with  the  use  of  the  logarithmic  table. 
To  effect  this  result,  derivations  of  rules  and  formulas  are 
omitted,  but  thorough  and  complete  instructions  are  given 
regarding  how,  when,  and  under  what  circumstances  any 
particular  rule,  formula,  or  process  should  be  applied;  and 
whenever  possible  one  or  more  examples,  such  as  would  be 
likely  to  arise  in  actual  practice — together  with  their  solu- 
tions— are  given  to  illustrate  and  explain  its  application. 

In  preparing  these  textbooks,  it  has  been  our  constant 
endeavor  to  view  the  matter  from  the  student's  standpoint, 
and  to  try  and  anticipate  everything  that  would  cause  him 
trouble.  The  utmost  pains  have  been  taken  to  avoid  and 
correct  any  and  all  ambiguous  expressions — both  those  due 
to  faulty  rhetoric  and  those  due  to  insufficiency  of  statement 
or  explanation.  As  the  best  way  to  make  a  statement, 
explanation,  or  description  clear  is  to  give  a  picture  or  a 
diagram  in  connection  with  it,  illustrations  have  been  used 
almost  without  limit.  The  illustrations  have  in  all  cases 
been  adapted  to  the  requirements  of  the  text,  and  projec- 
tions and  sections  or  outline,  partially  shaded,  or  full-shaded 
perspectives  have  been  used,  according  to  which  will  best 
produce  the  desired  results.  Half-tones  have  been  used 
rather  sparingly,  except  in  those  cases  where  the  general 
effect  is  desired  rather  than  the  actual  details. 

It  is  obvious  that  books  prepared  along  the  lines  men* 
tioned  must  not  only  be  clear  and  concise  beyond  anything 
heretofore  attempted,  but  they  must  also  possess  unequaled 
value  for  reference  purposes.  They  not  only  give  the  maxi- 
mum of  information  in  a  minimum  space,  but  this  infor- 
mation is  so  ingeniously  arranged  and  correlated,  and  the 
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indexes  are  so  full  and  complete,  that  it  can  at  once  be 
made  available  to  the  reader.  The  numerous  examples  and 
explanatory  remarks,  together  with  the  absence  of  long 
demonstrations  and  abstruse  mathematical  calculations,  are 
of  great  assistance  in  helping  one  select  the  proper  for- 
mula, method,  or  process  and  in  teaching  him  how  and 
when  it  should  be  used. 

This  volume  treats  of  the  constructive  details  of  modem 
architectural  buildings.  Besides  the  artistic  elements  in 
building  design,  the  structure  must  be  planned  with  refer- 
eoce  to  mechanical  considerations.  The  excavation  must  be 
made  in  an  economic  and  secure  manner,  the  foundations 
must  be  properly  placed,  and  the  superstnicture,  whether  of 
wood  or  masonry,  must  be  properly  designed.  How  this 
work  is  laid  out  and  executed  is  the  subject  of  this  volume. 
The  details  of  joinery,  which  are  the  cause  of  the  greatest 
number  of  errors  in  building  construction,  are  explained  in  a 
practical  manner  and  fully  illustrated.  The  last  part  of  the 
volume  is  intended  exclusively  for  the  mechanic.  It  deals 
with  the  steel  square,  the  tool  of  mystery  to  many  a  car- 
penter, and  shows  bow  simple  and  easy  of  application  it 
really  is. 

The  method  of  numbering  the  pages,  cuts,  articles,  etc.  is 
such  that  each  subject  or  part,  when  the  subject  is  divided 
into  two  or  more  parts,  is  complete  in  itself;  hence,  in  order 
to  make  the  index  intelligible,  it  was  necessary  to  give  each 
subject  or  part  a  number.  This  number  is  placed  at  the  top 
of  each  page,  on  the  headline,  opposite  the  page  number; 
and  to  distinguish  it  from  the  page  number  it  is  preceded  by 
the  printer's  section  mark  (§).  Consequently,  a  reference 
such  as  §  16,  page  26,  will  be  readily  found  by  looking  along 
the  inside  edges  of  the  headlines  until  §16  is  found,  and 
then  through  §  16  until  page  26  is  found. 

Intbsnational  Textbook  Company 
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PILING 


DESCRIPTION  OF  OPERATIONS 


BXCATATINQ 


lATBLS    AUD    BOUNDARIBS 

1.  Xjevels. — When  preparing  a  site  for  the  erection  of  a 
bnildine,  it  is  of  the  utmost  importance  that  the  elevation  of 
the  structure  above  some  imaginary  reference  line,  called  a 
datam  line,  be  predetermined.  This  requirement  holds  true 
for  all  classes  of  buildings.  For  instance,  railway  structures 
must  be  erected  at  such  elevations  as  to  facilitate  the  load- 
ing and  unloading  of  cars.  Freight  houses  on  a  water  front 
must  be  constructed  at  such  an  elevation  that  during  ordi- 
nary water  level,  vessels  can  easily  load  or  discharge  their 
cargoes;  and,  all  buildings  should  be  built  at  such  elevations 
that  tenants  will  have  easy  access  to  the  main  floor  from 
the  street. 

2.  The  datum  line  of  railway  structures,  ordinarily,  is 
the  elevation  of  the  tracks,  which,  to  a  greater  or  less 
extent,  governs  the  elevation  of  the  buildings.  On  the  sea- 
shore, or  on  streams  affected  by  tide  water,  either  the  mean 
high  tide  or  the  mean  low  tide  is  taken  as  datum.  On  inland 
streams  subject  to  freshets  and  floods,  the  datum  line  is 
generally  assumed  to  be  high-water  mark. 
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2  EXCAVATING,  SHORING,  AND  PILING      §23 

3.  In  most  cities,  bench  marks  are  provided  in  certain 
localities.  These  bench  marks  consist  simpljr  of  a  mark  on 
the  foundation  of  some  enduring  structure  or  on  stone 
monuments  partly  buried  in  the  earth.  The  eneineerine 
offices  of  each  city  keep  records  of  bench  marks  with  their 
proper  elevations,  and  will  describe  the  location  of  the  marks 
on  request. 

4.  When  laying  out  the  site  of  a  building,  a  level  can  be 
run  from  the  nearest  bench  mark  to  the  point  of  excavation. 
This  running  of  levels,  performed  usually  by  an  engineer,  is 
a  necessary  precaution  in  new  sections  of  a  city  where  the 
streets  have  not  been  graded  and  paved.  By  running  a  level 
and  locating  the  elevation  of  the  curb,  a  building  can  be 
erected  at  such  an  elevation  that  a  subsequent  extension  of 
the  street  to  that  point  will  not  necessitate  a  raising  or 
lowering  of  the  structure.  Ordinarily,  in  a  city,  where  the 
streets  are  graded  and  paved,  the  curb  is  taken  as  datum, 
and  the  various  elevations  of  a  building  are  measured  from 
the  curb  line. 

5.  Buildings  that  are  erected  in  the  country  and  engi- 
neering works'  that  are  constructed  in  isolated  places,  usually 
have  established  an  arbitrary  datum  line  depending  on  the 
topography  of  the  land.  Before  work  is  commenced  on  the 
structure,  a  monument  usually  is  set  up  to  mark  the  elevation 
of  datum. 

6.  Boandaries  of  a  Building. — In  addition  to  the 
elevation  of  a  building,  its  exact  location  on  a  lot,  or  plot, 
must  also  be  determined.  Too  great  care  cannot  be  exer- 
cised in  staking  out  a  building  excavation,  particularly  when 
the  walls  are  to  be  carried  up.  close  to  or  on  the  property 
line.  For  this  work,  it  is  customary  to  employ  a  surveyor 
to  lay  out  not  only  the  excavation  boundaries,  but  also  to 
stake  out  the  comers  of  the  lot,  or  plot,  of  ground. 
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STAKING    OUT    EXCAVATIONS 

7.  If  the  structure  is  to  be  erected  in  a  built-up  district, 
the  front  of  the  building  probably  will  be  in  line  with  those 
of  the  adjacent  buildings,  and  the  length  of  the  new  build- 
ing can  be  measured  and  marked  on  the  foundation  walls 
of  its  neighbors.  If,  on  the  other  hand,  the  building  is  to  be 
surrounded  by  a  lawn,  or  if  it  is  to  be  set  back  from  the 
street,  it  is  better  practice  to  lay  out  the  building  with  an 
engineer's  transit.  If  a  transit  cannot  be  procured,  the  cor- 
ners of  the  lot  must  be  staked  out  and  the  boundary  lines 
defined  by  sighting  with  the  eye,  from  stake  to  stake.  The 
distance  from  the  street  thai  it  is  desired  to  have  the  front 
of  the  bouse,  is  measured  oR  on  each  side  line  of  the  lot 
from  the  front  corners,  and  a  line  is  then  run  across  the  lot, 
joining  the  points  last  found.  The  front  of  the  building  will 
be  on  this  line.  By  measuring  from  the  side  lines,  the  front 
comers  of  the  building  may  readily  be  located, 

8.  The  rear  wall  of  the  building  is  located  in  the  same 
manner  as  the  front  wall,  and  the  side  walls  can  generally 
be  run  in  without  any 

tronble  if  the  building 
is  rectangular.  If  the 
bailding  is  ;iot  rectan- 
gular, it  is  generally  , 
necessary  to  run  more 
than  two  lines  across 
the  lot,  from  side  to 
side,  before  all  the  cor- 
ners of  the  building 
can  be  located.  Stakes 
should  be  driven  at  each 
comer,  or  angle,  and  by 
measuring  from  stake 
to  stake  the  dimensions  °' 

of   the   building   can   be   checked   up   with    the    drawings. 

9.  When  excavating  for  a  foundation,  the  stakes  driven 
to  mark  the  location  of  corners  and  angles  will  be  disturbed; 
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therefore,  it  is  customary  to  set  up  at  eacb  corner  of  the 
excavation  line  boards,  as  shown  in  Fig.  1,  These  boards 
should  be  set  from  6  to  8  feet  from  the  corners,  so  as  to  be 
out  of  the  way  as  much  as  possible.  The  stakes  r,  s,  and  / 
should  be  from  4  to  6  feet  apart,  and  long  enough,  when 
firmly  driven  into  the  ground,  to  allow  the  cross-pieces  w,  w 
to  be  nailed  to  them,  having  the  upper  edge  level  with  the 
top  of  the  foundation  wall. 

10.  All  the  cross-pieces,  or  line  boards,  should  be  leveled 
by  marking  the  required  level  of  the  top  of  the  foundation, 
or  some  other  convenient  height,  on  the  stakes,  then  setting 
the  upper  edge  of  each  cross-piece  even  with  these  marks, 
and  nailing  the  boards  firmly  to  the  stakes. 

11.  Having  gnarded  all  the  comers  by  means  of  line 
boards,  the  lines  for  the  excavation  may  be  laid  out.  These 
are  stretched  from  corner  to  comer  of  the  building  and 
fastened  to  the  line  boards  at  each  end,  as  shown  at  », 
Fig.  1.  The  bottom,  or  footing,  courses  of  the  foundation 
usually  extend  beyond  the  line  of  the  wall,  consequently  the 
lines  that  mark  the  boundary  of  the  excavation  are  farther 
out  than  those  that  mark  the  face  of  the  wall. 


CHAKACTBB    OF    SOII. 

12,  Before  building  the  foundations  for  a  stractnre,  the 
ground  must  be  excavated,  either  for  the  basement  or  for 
trenches,  so  as  to  place  the  masonry  below  the  frost  line; 
but  before  the  excavation  is  begun,  the  nature  of  the  soil  that 
is  to  support  the  foundation  should  be  determined.  If  this 
cannot  be  determined  from  existing  structures  or  wells, 
borings  should  be  made.  For  this  purpose,  an  auger  about 
2  inches  in  diameter  and  of  suitable  length  is  used — similar 
to  an  auger  for  wood  boring — and  tests  made,  from  5  to 
10  feet  apart,  over  the  entire  area  of  the  foundation.  As  the 
auger  brings  up  samples  of  the  soil,  the  character  of  the 
substrata  is  determined.  When  the  importance  of  the  pro- 
posed stmcture  requires  it,   trial   pits  are  sometimes  dug 
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from  10  to  20  feet  apart,  especially  where  a  shelving  bed  of 
rock  or  gravel  exists  at  a  comparatively  short  distance 
below  the  surface. 

13.  It  is  not  always  safe  to  rely  on  the  character  of  the 
soil  in  close  proximity  to  the  proposed  building  site,  since 
conditions  varying  from  a  bog  to  a  solid  granite  ledge  are 
often  found  in  the  space  of  a  few  yards.  The  soil  or  strata 
usually  encountered  in  -building  operations  may  be  classed 
under  three  divisions — rock,  virgin  soil,  and  made  ground, 

14.  Rocb,  in  tts  original  geological  formation,  is  spoken 
of  as  bed  rock,  or  solid  ledge.  It  forms  one  of  the  finest 
foundations  for  heavy  structures,  provided  that  it  is  of  suffi- 
cient area  for  the  entire  building  to  rest  on.  But  it  is  ' 
undesirable  to  have  a  portion  of  the  foundation  rest  on  a 
ledge  while  another  portion  rests  on  a  softer  material,  since 
the  building  will  not-settle  uniformly  and  the  walls  will  often 
crack  open  at  the  junction  of  the  ledge  and  softer  material. 
It  often  happens  that  the  surface  of  the  rock  is  uneven  and 
requires  considerable  blasting  and  concrete  work  to  secure  a 
good  foundation,  which  adds  considerably  to  the  cost.  The 
sandstones  and  limestones  are  often  found  in  strata,  beds,  or 
layers,  one  on  another;  if  these  layers  are  not  separated  by 
clay,  and  the  beds  are  even,  they  make  good  foundations. 
The  strata,  or  beds,  of  rock  may  shelve,  or  dip,  at  varying 
angles,  especially  in  hilly  sections.  A  ledge  is  not  always 
reliable,  and  in  many  cases  will  be  found  to  be  shaly  in 
structure,  partly  decomposed,  or  faulty  in  other  respects. 

15.  Tlrgln  soil  is  either  gravel,  clay,  loam,  sand,  or 
marshy  ground  in  its  natural  condition. 

1.  Gravel,  when  compact  and  united  with  sharp  sand  into 
a  firm  unyielding  stratum,  is  known  as  hard  pan.  It  makes 
the  best  foundation  (except  bed  rock)  and,  on  account  of  its 
being  more  easily  leveled,  is  much  less  expensive  to  build 
on.  Usually  a  6-  or  8-foot  stratum  of  gravel  will  support  any 
structure,  although  there  may  be  softer  material  underneath. 

2.  Clay  is  the  most  uncertain  of  soils,  owing  to  its  elas- 
ticity, due  to  being  mixed  with  marl,  etc.;  to  its  tendency  to 
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absorb  moisture;  and,  in  many  cases,  to  the  position  of  its 
bed,  or  strata.  In  dry  seasons  it  is  very  firm,  while  in  wet 
seasons  it  is  elastic  and  unreliable.  When  the  layers  of  clay 
are  inclined,  the  foundation  has  a  tendency  to  slide,  produ- 
cing results  threatening  the  stability  of  the  superstructure. 

3.  Loam,  or  clay  mixed  with  sand  and  other  earthy  sub- 
stances, when  compact  and  of  considerable  depth,  is  a  good 
material  to  build  on,  provided  that  the  structure  is  not  an 
extremely  tall  or  heavy  one. 

4.  Sand  is  formed  from  the  decomposition  of  the  older 
rocks,  either  by  the  effects  of  the  weather,  the  action  of 
heavy  rains,  the  wearing  away  by  running  water;  or  the 
spontaneous  decomposition  of  the  rocks  themselves.  The 
particles  are  carried  to  the  rivers  and  either  deposited  in 
their  beds  or  borne  out  to  the  ocean.  The  sand  usually 
found  in  excavations  has  its  origin  either  as  the  formation 
in  the  beds  of  ancient  rivers  that  have  long  ceased  to  flow, 
and  is  therefore  called  river  sand,  or  by  the  attrition,  or 
grinding,  of  the  rocks  themselves  during  the  geological 
upheavals  in  past  ages.  The  latter  is  called  virgin,  or  pit, 
sand,  and  has  never  known  the  action  of  water. 

5.  Quicksand  is  a  very  fine  sand,  often  mixed  with  clay 
or  loamy  material  in  such  proportion  that  it  will  retain  a 
large  quantity  of  water.  By  confining  quicksand  and  keep- 
ing it  as  nearly  dry  as  possible,  it  may  be  excavated  or  built 
on  with  little  more  difficulty  than  common  sand.  In  many 
cases,  quicksands  are  mixed  with  a  bluish  or  leaden-colored 
silt,  or  soapstone  slime.  Often  in  excavating  quicksand, 
beds  of  this  blue  marl  are  found;  when  wet,  it  is  tough  and 
hard,  but  when  dry,  it  crumbles  to  a  powder  and  is  utterly 
unfit  for  foundations.  An  attempt  to  excavate  in  quicksand 
without  previously  getting  rid  of  the  water  contained 
therein,  is  almost  as  useless  as  to  dig  in  water  itself,  for  the 
saturated  sand  will  flow  into  the  excavation  as  fast  as  it  can 
be  removed. 

6.  Marshy  soils  are  formed  by  the  decay  of  plants,  weeds, 
and  other  vegetable  matter  in  sluggish  water,  which,  having 
no  current,  allows  the  plants  to  take  root  in  the  bed.     When 
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these  plants  die,  others  take  their  place  each  year.  These 
successive  beds  of  decayed  matter  are  formed  under  slight 
pressure  and  have  innumerable  cavities  between  them,  as 
would  a  heap  of  decayed  hay,  thus  forming  uncertain  founda- 
tions for  heavy  structures.  Sometimes  these  deposits  reach 
such  a  depth  that  their  bottoms  have  not  been  reached. 
Large  areas  of  marshy  lands  are  formed  in  this  way,  by  the 
periodical  overflowing  of  rivers,  and  the  rise  and  fall  of  the 
tides  along  the  coast.  The  terms  swamp  and  bog'  are.  often 
used  and  may  be  considered  here  as  having  the  same 
meaning  as  marshy  soil. 

16.  During  freshets,  rivers  bring  down  large  quantities 
of  soil  held  in  suspension,  which  is  deposited  when  the 
waters  subside.  This  formation  is  called  alluvial,  from  the 
Latin  word  alhivius,  meaning  a  washing  upon.  The  term 
alluvial  is  often  used  to  designate  deposits  that  are  of  yearly 
recurrence,  as  the  Nile  and  the  Mississippi  deltas,  although 
the  river  bottoms  of  many  streams  are  of  this  origin.  The 
value  of  alluvial  soil  for  foundation  purposes  varies  con- 
siderably. In  many  cases,  it  consists  of  a  clay  formation 
that  is  hard  on  top,  especially  during  dry  weather,  but  soft 
and  unreliable  underneath.  Heavy  buildings  should  not  be 
erected  on  alluvial  ground  without  a  careful  investigation  of 
the  subsoil  by  means  of  borings  or  trial  pits. 

Hade,  or  artificial,  ground  may  consist  of  various  kinds 
of  materials;  such  as  the  refuse  of  cities,  earth  and  other 
materials  removed  from  cellars  and  other  excavations,  the 
cinders,  ashes,  etc.  from  manufactories  and  furnaces.  It 
should  not  be  built  on,  if  the  structure  is  of  importance,  until 
the  nature  of  its  subsoil  has  been  investigated,  though  for 
minor  edi&ces  a  suitable  foundation  may  often  be  obtained 
on  it. 

17.  Prom  this  description  of  the  soil  and  materials  met 
with  in  foandation  beds  the  following  deductions  may  be  made: 

It  is  generally  safe  to  build  on  bed  rock  any  structure 
that  may  be  required,  provided  that  the  foundation  beds  are 
kept  level. 
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Gravel,  even  when  mixed  with  small  boulders,  can  be  con- 
sidered perfectly  reliable  for  any  ordinary  stracture,  under 
usual  conditions. 

Sand  will  carry  very  heavy  loads,  if  it  is  confined;  but 
ereat  precautions  must  be  taken  to  properly  confine  it,  and 
also  to  keep  water  from  it,  especially  if  running,  as  the 
action  of  water  will  soon  wash  it  away. 

Clay,  when  compact  and  dry,  will  carry  large  loads,  but 
water  should  be  kept  from  it,  both  under  and  around  the 
structure,  the  foundations  of  which  might  otherwise  give 
way,  due  to  the  difficulty  of  holding  back  the  pasty  or  semi- 
liquid  mass  formed. 

A  thick,  bard,  or  compact  stratum,  overlying  a  much  softer 
one,  even  silt  or  quicksand,  will  often  carry  a  considerable 
load,  the  hard  stratum  floating  on  the  soft  as  a  raft  floats  on 
the  water.  It  is  usually  better  not  to  break  through  this 
hard  stratum,  as  it  serves  to  spread  the  base  of  the  building 
and  distribute  the  pressure  over  a  large  area. 

The  silt,  slush,  and  decayed  vegetation  contained  in  the 
marshy  lands,  especially  in  the  Southern  states,  are  not 
fit  to  build  on  without  piling. 


BEABING    VALUB    OF    FOnMDATION    SOILS 

18,  There  is  some  difference  of  opinion  regarding  the 
safe  bearing  value  of  foundation  soils,  due  probably  to 
the  difficulty  of  arriving  at  any  experimental  results  that 
will  have  a  general  application.  Conservative  engineering 
practice  dictates  that  the  greatest  unit  pressure  on  the 
different  foundation  soils  shall  not  exceed  the  values  given 
in  Table  I.  

DEPTH  AND  AREA  OF  EXCAVATIONS 

19.  Cellars  for  dwelling  houses  should  have  a  depth  of 
at  least  8  feet  from  the  under  side  of  the  first  fioorbeams  to 
the  cellar  floor,  and  more  depth  should  be  provided  where 
the  house  is  to  be  heated  with  a  furnace,  in  order  to  give 
sufficient  height  above  the  furnace  to  allow  a  proper  gtade 
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to  the  hot-air  pipes.  For  store,  office,  and  manufactarin£ 
tmjldings,  the  depth  is  greater,  varying:  according  to  the 
nature  of  the  business  carried  on,  or  the  requirements  of  the 
occupants.  In  some  of  the  large  office  buildings  in  cities, 
there  are  three  cellars — basement,  cellar,  and  subcellar — and 
the  excavations  vary  from  25  to  60  feet  in  depth. 

20.     That  portion  of  a  building  from  the  footing  course 

up  to  the  top  of  the  basement  or  cellar  wall  is  known  as  the 

TABtiE  I 


Tons 

per  Sqaare 

Foot 


Granite  formation 

Limestone,  compact  beds 

Sandstone,  compact  beds 

Shale  formation,  or  soft,  friable  rock 

Gravel  and  sand,  compact  .    .  ■ 

Gravel,  dried  and  coarse,  packed  and  confined  ■    . 

Gravel  and  sand,  mixed  with  dry  clay 

Clay,  absolutely  dry  and  in  thick  beds    .    .    .    .    . 

Clay,  moderately  dry  and  in  thick  beds 

Clay,  soft 

Sand,  compact,  well-cemented,  and  confined  .  ■ 
Sand,  clean  and  dry,  in  natural  beds,  and  confined 
Earth,  solid,  dry,  and  in  natural  beds 


6  to  10 

6 
4  to  6 

4 

3 
I  to  li 


substructure,  while  that  portion  of  the  building  above  the 
substructure  is  known  as  the  superstmctare. 

21.  Care  should  always  be  taken,  in  case  there  is  no  cellar 
tinder  a  building,  to  have  the  excavation  in  the  trenches  go 
down  below  the  frost  line.  If  the  fonndations  are  not 
started  below  the  frost  tine,  the  alternate  freezing  and 
thawing  of  the  earth  tends  to  throw  the  walls  out  of  plumb, 
and    will    eventually    destroy    them,    besides    racking    the 
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saperstructure.  The  depth  to  which  frost  will  penetrate  the 
earth  varies  in  different  parts  of  the  country,  bat  in  the 
Eastern  and  New  England  states  4  feet  is  considered  suffi- 
cient for  ordinary  buildings,  if  the  subsoil  ts  satisfactory. 
Frost  will  penetrate  to  a  greater  depth  in  hard  dense  ground 
than  in  soft  porous  earth. 

22.  In  laying  foundations  below  the  ground  line,  it  is 
customary,  for  the  convenience  of  the  mason,  to  excavate 
about  6  or  8  inches  beyond  the  line  of  the  proposed  wall. 
This  allows  the  mason,  when  laying  stone  or  brick,  to  point 
the  wall  on  the  outside.  If  concrete  is  being  laid,  wooden 
forms  are  sometimes  used  on  both  sides  of  the  wall,  and  the 
6  or  8  inches  between  the  wall  and  the  earth  gives  sufficient 
space  for  these  forms. 

23.  When  making  the  plans  for  a  building,  the  character 
of  the  ground*  on  which  the  building  is  to  stand  may  not  be 
accurately  known.  Or,  while  the  excavations  are  being 
made  an  underground  spring  or  a  t>ed  of  quicksand  may  be 
encountered,  although  the  soil  might  have  been  fotmd  solid 
in  several  other  places  tested  before  the  plans  were  made. 
Such  a  condition  might  necessitate  a  change  in  the  founda- 
tions after  the  work  is  begun.  It  is  then  very  important  to 
revise  the  drawings,  making  them  conform  to  the  founda- 
tions as  actually  built.  At  any  future  time,  if  it  becomes 
necessary  to  put  up  an  addition  to  the  building,  or  to  exca- 
vate near  it,  a  correct  drawing  of  the  foundations  will  be  on 
hand.  Furthermore,  the  corrected  plans  will  be  valuable  io 
calculating  the  payments  to  be  made  to  the  contractors  for 
additional  excavation  and  foundations. 

24.  In  excavating  cellars,  it  is  customary  to  leave  a 
runway;  that  is,  a  part  of  the  ground  is  sloped  down  from 
the  bank  to  the  cellar  bottom,  for  the  more  convenient 
removal  of  the  excavated  material.  In  very  deep  cellars 
covering  a  large  area,  this  runway  is  usually  built  of  heavy 
planking  supported  on  wooden  beams  and  posts. 
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RBMOTAL    OF    MATERIAL 

26.  Blasting. — In  many  cases,  when  rock  is  encoun- 
tered, blasting  must  be  resorted  to;  in  cities,  this  is  a  sepa- 
rate branch  of  contracting,  and  the  blasting  is  usually  let  as 
a  subcontract. 

When  a  blast  is  to  be  made,  a  hole  to  receive  the  powder 
is  first  drilled  in  the  rock  by  hand  or  power  drills;  these 
holes  vary  in  diameter  from  i  inch  to  2i  inches,  and  in 
depth  from  a  few  inches  to  many  feet,  while  the  direction 
varies  according  to  the  dip,  or  slope,  of  the  rock. 

The  borer,  or  jumper,'  used  in  drilling  is  a  steel-pointed 
bar.  Generally,  one  man,  in  a  sitting  position,  directs  the 
drill,  turning  it  after  each  blow  to  keep  the  hole  cylindrical, 
occasionally  pouring  in  water  and  cleaning  out  the  powdered 
stone  with  a  scraper.  A  small  rope  of  straw  or  hemp  is 
twisted  around  the  drill  or  jumper  at  the  top  of  the  hole. 
One  or  two  men  strike  the  jumper  with  sledge  hammers. 
When  a  sufficient  depth  is  reached,  the  hole  is  dried  with  a 
rag  on  the  end  of  a  wire  and  the  explosive  is  inserted.  If 
the  charge  is  to  be  ignited  with  a  match,  a  fuse  is  placed  in 
the  hole,  in  contact  with  the  explosive,  and  dry  sand,  clay, 
or  some  similar  material  is  tamped,  or  packed  down,  around 
it.  When  dynamite  is  used,  the  end  of  the  fuse  in  contact 
nith  the  explosive  is  provided  with  a  cap,  as  dynamite  can 
be  exploded  only  by  concussion.  Frequently,  the  charge  is 
exploded  by  electricity,  in  which  case  wires  must  be  con- 
nected with  the  explosive  before  the  tamping  is  done. 

In  order  to  confine  the  pieces  of  rock,  which  would  other- 
wise be  shot  into  the  air  after  an  explosion,  and  prevent 
damage  to  adjoining  property,  or  possible  loss  of  life,  a 
number  of  heavy  togs,  called  a  mattress,  are  placed  over 
the  rock  to  be  blasted.  These  logs  are  sometimes  bound 
together  by  a  heavy  chain.  The  weight  of  the  logs  keeps  the 
fragments  of  stone  from  flying  when  the  charge  is  exploded. 

26.  Where  extensive  blasting  operations  are  going 
on,  rock-boring,  or   drilling,  machines   are   used,   insuring 
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'able  saving  in  time  and  labor  over  the  method  of 
illine:.  In  these  machines,  the  drill  is  repeatedly 
agaiast  the  rock,  either  by  compressed  air  or  by 
ind  made  to  rotate  slightly  at  each  blow.  The  cost 
ne  by  the  use  of  rock  drills  is  at  least  one-third 
than  by  hand  power. 

Wedging- — Where  rock  must  he  taken  out  so  close 
ng  walls  that  injury  might  result  from  blastine.  the 
n  of  wedgiQsr  is  resorted  to.  This  consists  of 
;  up  the  rock  with  wedges.  These  wedges  are  made 
,  about  8  inches  long,  with  wire  wound  about  them 

form  a  handle.  A  workman  holds  the  point  of  the 
against  the  rock,  and  another  man  strikes  repeated 
n  the  wedge  with  a  sledge  hammer  until  the  rock  is 
broken. 

the  rock  breaks  easily  and  is  formed  in  layers  with 
seams  between  them,  large  quantities  may  be  cheaply 
i  by  this  means;  but  it  is  a  slow  and  expensive  proc- 
e  rock  is  hard  and  lies  in  large  compact  masses. 


HBA8DKEHENT    OF    KXCATATIOM 

Excavation  is  usually  measured  by  the  cubic  yard, 
ubic  feet,  and  the  price  paid  varies  according  to 
nature  of  the  soil,  distance  material  excavated  must 
ed,  and  disposition  to  be  made  of  it.  Twenty-four 
et  of  sand  or  17  cubic  feet  of  earth  or  clay,  when 
itively  dry,  will  weigh  a  ton.  One  cubic  yard  of 
efore  removal  will  occupy  about  li  cubic  yards 
ug,  cpntains  21  struck  bushels,  and  is  considered  a 
art  load. 

When  the  ground  where  a  building  is  to  be  placed  is 
■  slopes  evenly,  and  when  the  bottom  of  the  excava- 
o  be  level,  it  is  an  easy  matter  to  calculate  the  num- 
;ubic  yards  of  excavation  required.  However,  if  the 
of  the  ground  is  very  irregular,  the  amount  of  exca- 
is  not  so  easy  to  ascertain  without  the  use  of  aa 
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engineer's  level.  In  all  cases,  it  is  necessary  to  decide  how 
the  excavation  shall  be  measured  before  the  work  is  begun. 
The  required  measurements  can  be  made  on  the  ground 
before  it  is  disturbed  and  again  after  the  cellar  has  been 
dug.  An  easy  method  of  measuring  the  depth  of  excavation 
in  a  place  where  the  ground  level  is  irregular,  is  to  drive 
stakes  into  the  ground  at  intervals  before  the  excavation  is 
started.  While  the  cellar  is  being  dug,  these  stakes  must  be 
left  untouched  in  piers  of  natural  ground  until  the  remainder 
of  the  excavation  is  completed.  By  measuring  the  heights 
of  these  piers  before  they  are  removed,  the  depth  of  the 
excavation  can  be  quite  accurately  obtained.  On  the  whole, 
the  only  very  accurate  method  is  to  use  an  engineer's  level 
and  survey  the  ground  before  excavating  is  begun. 


BHOBINO,  NBBDLING,  VNDERFINNINO,  AND 
BRACING 


SHORING 

30.  When  the  foundations  of  a  building,  whether  new 
work  or  an  alteration,  extend  below  the  foundation  walls  of 
adjoining  property,  shoring,  needling,  underpinning,  and  bra- 
dng  must  be  resorted  to,  in  order  to  protect  the  walls  of  the 
existing  structure. 

The  contractor  is  usually  held  responsible  for  the  success* 
fnl  carrying  oat  of  this  part  of  the  work,  and,  consequently, 
there  are  in  all  the  large  cities  firms  or  individuals  that 
make  a  specialty  of  shoring  and  underpinning.  The 
architect,  however,  should  be  familiar  with  the  methods 
used,  and  should  see  that  all  due  precautions  for  safety 
are  taken  and  that  all  the  beams,  shores,  braces,  and 
posts  are  sufficiertly  strong  to  safely  carry  the  loads 
imposed  on  them. 

31.  SborlnK  is  a  method  of  temporarily  supporting  the 
walls  of  a  building  by  means  of  posts  or  struts  set  at  an 
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angle,  to  keep  the  wall  from  tipping  or  bulging  while  the 
foundations  are  being  carried  down,  or  daring  the  needling 
and  removal  of  the  lower  portion  of  the  wall. 

The  method  of  shoring  the  wall  for  the  purposes  just 
mentioned  is  shown  in  Fig.  2,  Grooves,  or  sockets,  are  first 
cut  in  the  wall,  as  shown  at  a, a,  and  in  these  the  angle 
braces,  or  skaresy  b,b  are  in- 
serted. These  are  also  called 
sfiur  braces,  and  when  tightened 
up  by  means  of  screw  jacks, 
instead  of  the  wedges  d,  d,  they 
are  known  as  pumps.  The 
lower  ends  of  the  shoring  tim- 
bers rest  on  a  timber  crib  c, 
supported  on-  the  ground. 
Usually  two  sets  of  braces  are 
put  in,  one  located  near  the 
bottom  to  support  the  wall,  and 
the  other  placed  higher  up,  to 
keep  it  from  bulging.  These 
two  braces,  when  in  place,  are 
often,  for  further  strength,  tied 
together  as  shown  in  the  illus- 
tration by  spiking  planks  to 
the  sides.  The  crib  c  must 
.  be  made  large  enough  to  dis- 
tribute the  pressure  brought 
on  it,  over  the  ground,  and  the 
shores  should  be  well  wedged 
with  iron  or  oak  wedges,  as 
shown  at  d,  d.  The  timbers 
carrying  the  ends  of  the  braces 
should  be  adjusted  to  the 
proper  inclination  by  means  of  wedges,  as  shown  at  e,e. 
All  piers  and  chimneys  should  be  separately  shored. 

The  foundations  should  be  removed  in  small  portions  at  a 
time.  When  three  sets  of  braces,  or  shores,  are  in  place, 
the  wall  should  be  underpinned,  as  hereafter  described,  after 
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which  the  shores  over  it  may  be  moved  along;  two  sets, 
however,  must  always  be  kept  in  place. 

Pig.  3  shows  the  method  that  was  used  for  shoring  the 
walls  of  the  Tribune  Buildtne,  New  York,  while  the  founda- 
tions of  the  adjacent  building  were  being  laid.  Single 
shores  made  of  12"  X  14"  pine,  70  feet  long,  were  used. 
These  shores  were  each  reinforced  in  the  middle  by  a 
10"  X  12"  stick,  46  feet  long.  This  stick  was  placed  on  the 
under  side  of  the  shore  and  held  in  place  by  clamps,  as 
shown.  The  entire  upper  end  of  the  shore  entered  the  wall 
and  received  a  bearing  through  wooden  shimsl  The  shores 
were  set  in  place  by  screw  jacks,  giving  a  thrust  of  35  tons 
on  each  shore;  wedges  were  then  driven  under  them  until 
the  pressure  on  the  jacks  was  relieved  so  that  they  could 
be    removed.     The    wedges    rested    on    timber    cribbing 9 

6  ft.  X  12  ft.     The   slant   given   to   the  shores  was   about 

7  to  1. 

32.  Shoring  is  often  resorted  to  when  it  is  necessary  to 
hold  up  the  comer  of  a  building,  to  build  a  pier,  or  set  a 
column  under  it.  When  a  girder  is  placed  under  the  upper 
part  of  a  wall,  needling  is  necessary,  as  being  attended  with 
less  risk. 


NEEDLING 

33.  When  a  wall  already  built  is  supported  on  beams  or 
needles  placed  transversely  through  holes  cut  in  the  wall,  as 
shown  at  b,  b.  Fig.  4,  and  supported  at  each  end  by  posts, 
jack-screws,  or  pumps,  as  shown  at  /,  /,  /,  it  is  said  to  be 
needled;  and  the  operation  of  preparing  it  is  called  needling. 
The  illustration  shows  how  a  wall  is  held  up  by  needles  in 
order  that  a  new  wall  may  be  built  under  it,  or  columns  and 
girders  placed  to  support  it. 

At  a,  a  are  shown  the  holes  in  the  wall,  cut  at  intervals  to 
receive  the  needles  b,b;  these  needles  consist  of  heavy  tim- 
bers to  carry  the  upper  wall  c,  c.  Where  the  needles  enter 
the  holes  in  the  wall,  small  cross-beams  d,d  are  laid  on  the 
upper  sides,  and  wedged  in  with  oak  or  iron   wedges,  as 
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shown  at  e,  e,  in  order  to  secure  a  more  even  bearing  on  the 
wall.  At  the  inner  and  outer  ends  of  the  needles,  heav? 
perpendicalar  timbers  /,  /,  /  are  placed  to  support  the  needles 
and  carry  the  weight  of  the  wall.  The  foot  or  tfround  bear- 
ine  of  these  timbers  is  formed  by  three  courses  of  heavy 
plankine,  shown  at  g,g,g,  crossing  one  another  at  right 


angles  to  spread  the  weight  over  a  large  surface.  Wedges 
k,  k,  h  are  driven  under  the  foot  of  each  upright,  forcing  the 
ends  of  the  needles  upwards  until  they  show  a  slight  down- 
ward deflection,  or  bending,  at  the  center,  thus  indicating 
that  the  weight  of  the  wall  is  being  carried  by  the  needles. 
As  soon  as  the  needles  carry  the  wall,  the  lower  portions 
may  be  torn  out,  and  the  columns  and  girders,  or  other 
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substructures,  are  put  in  place,  or  the  excavation  to  the 
lower  level  begun. 

In  places  where  the  ground  is  soft  or  compressible,  sheet- 
piling  is  placed  around  the  foot  of  the  uprights,  to  hold  the 
ground  in  place. 

34.    Very  frequently,  especially  for  heavy  work,  when  a 

high  wall  is  to  be  underpinned,  steel  beams  are  used  for  the 

needles  and  jack-screws  are  placed  under  the  foot  of  the 

uprights,  or  a  crib  of  heavy  beams 

is  built  up  in  place  of  the  upright 

posts.  

UNDBRPINMINO 

3fi.  When  a  new  wall  is  bieing 
placed  under  a  wall  already  built, 
either  to  make  deeper  foundations 
or  on  account  of  the  foundations  of 
adjoining  structures  being  built 
deeper,  the  operation  is  called 
underpinning.  The  old  wall  is 
generally  supported  either  by 
shores  or  by  needles  while  the  new 
foundation  is  being  constructed. 
It  is  often  found  necessary  to  tear 
out  the  old  wall  as  far  up  as  the 
needles  or  shores.  The  new  wall 
is  then  built  up.  In  first-class 
work,  the  joint  between  the  old 
and  the  new  masonry  is  generally 
made  with  cut  stone,  and  wedges 
of  stone,  slate,  or  iron.  These 
wedges  are  driven  in  between  the 
cut  stone  of  the  old  and  the  new 
"■  work  until  the  weight  is  taken  ofl 

flie  shores  or  needles.  The  joint  between  the  two  courses 
of  cut  stone  is  then  filled  with  cement  mortar  and  the  bracing 
removed,  leaving  the  wedges  permanently  in  the  work.     In 
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some  work,  wooden  wedges  are  used.     In  very  heavy  work, 
iron  wedges  are  usually  employed. 

36.  Pig.  5  shows  the  method  of  uoderpinaing  a  wall. 
The  wedges  a,  a  are  made  of  slate  but  are  not  driven  in 
place.  It  is  important  io  this  kind  of  work  to  be  careful  that 
the  wedges  are  driven  in  to  the  same  tightness  on  both 
sides;  otherwise,  there  is  a  tendency  for  the  wall  to  crack 
irom  being  supported  on  only  one  edge. 

37.  Underpinning  operations  should  be  carefully  per- 
formed. The  noderpinning  should  be  done  as  quickly  as 
possible  after  the  shores  or  needles  are  in  place,  so  as  not 
to  require  their  support  for  a  longer  time  than  necessary. 
However,  the  needles  or  shores  should  not  be  removed  until 
the  cement  in  the  new  work  has  had  ample  time  to  set. 


BRACINO 

38.  When  adjoining  buildings  have  been  built  originally 
with  party  walls,  or  walls, supporting  the  floorbeams  of  two 
buildings,  and  one  of  these  buildings  is  to  be  torn  down,  the 
adjacent  walls  should  be  guarded  against  falling  by  spread- 
ing braces  or  inclined  shores.  When  there  are  buildings  on 
each  side  of  the  lot  on  which  the  new  building  is  to  be 
erected,  the  walls  of  these  structures  may  be  supported  by 
spreading  braces. 

39.  When  the  distance  is  not  more  than  25  feet,  the 
braces  may  be  arranged  as  shown  in  Fig.  6.  At  a,a  are 
6"  X  12"  uprights  against  the  walls  d,d,  to  distribute  the 
bearing  of  the  braces;  at  b,b  are  the  spreaders,  and  at  c,c 
the  angle  braces,  all  of  which  may  be  8"  X  8"  timbers. 

When  the  old  buildings  are  from  40  to  50  feet  apart,  the 
spreading  braces  should  be  trussed,  as  shown  in  Pig.  7. 
The  &'  X  12"  uprights  are  shoWn  at  a,  a  against  the  walls  e,  e; 
the  XQ"  X  10"  spreaders  at  b,  b;  the  8"  X  8"  struts  and  braces 
at  c,  c;  and  the  vertical  iron  or  steel  ties  at  d,  d.  It  is  prefer- 
able to  use  iron  or  steel  rods  for  these  vertical  ties,  as  they 
can  be  readily  screwed  up,  and  thus  overcome  any  sagging 
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that  may  occnr  in  the  joints  of  the  trass.  One  truss  should 
always  be  placed  in  the  front,  another  in  the  rear  of  the 
bnilding,  and  an  intermediate  one  every  25  feet  between  will 
generally  be  found  sufficient.  Spreading  braces  are  usually 
built  by  the  carpenter,  but  it  is  essential  for  the  architect  to 
know  how  they  should  be  constructed. 


BHBBT  PrLTNO 

40.  Wooden  Sheet  Piling. — Particular  care  should  be 
taken,  especially  in  cities,  to  properly  protect  the  adjoining 
property,  sidewalks,  etc.  from  injury  by  the  caving  in  of  the 
bank  during  excavation. 

To  guard  against  this,  the  banks  or  sides  of  the  excavation 
are  sheet  piled,  as  shown  in  Fig.  8.     Sheet  piling  consists  of 


structural  steel,  reinforced  concrete,  or  planks  pointed  at  the 
lower  end,  placed  closely  together  in  line,  and  driven  into 
the  ground  against  the  bank  of  the  excavation  so  as  to  form 
a  wall,  as  shown  at  (a),  which  is  a  front  elevation  of  plank 
sheet  piling.  At  a  is  shown  the  piling  driven  into  the  cellar 
bottom  d,  against  the  bank  of  the  excavation.  At  {d)  is  a 
section  across  the  piling  showing  the  brace  d  placed  against 
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the  batten  e  to  retain  the  piling  in  place  and  resist  the  pres- 
sure at  the  top.     The  stake  shown  at  /  is  driven  in  to  Iceep 
the  brace  d  from  slipping.     These  braces  are  usually  spaced 
about  10  or  12  ieet  apart, 
and  are  necessary  when  the 
excavation  is  a  deep  one. 
The   piles   are   often 
pointed  sidewis6  as  shown 
at  g,  so  that  each  pile  when 
driven  in  will  tend  to  press 
against  the  one  previously 
put  in  place. 

41.     Concrete    Sheet 

Piles. — Fig.  9  shows  re- 

inforced-concrete  sheet 

piles.     A  projection  is  left 

near  the  base  of  each  pile, 

as  at  a,  and  a  groove  runs 

up  both  sides  of  the  pile  to 

the  top,  so  that,  in  driving, 

the  projection  on  one  pile 

slides  in  the  groove  of  the 

one  last  driven.     An  iron 

pipe  that  tits  the  grooves 

of   two   adjacent   piles   is 

^^' '  connected   to   a  pump. 

This  pipe  serves  as  a  guide,  and  the  sand  that  might  jam  the 

grooves  is  forced  out  by  the  water.     After  the  pile  is  driven, 

this  pipe  is  withdrawn  and  a  water-tight  joint  secured  by 

filling  the  grooves  with  cement. 
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WOODEN    PILES 

42.  Piles. — A  pile  may  be  considered  as  a  column  with 
a  base  more  or  less  rigid,  according  to  the  nature  of  the  soil 
into  which  it  is  driven.  If  a  sticli  is  driven  down  into  damp 
sand,  it  wijl  stand  upright  and  support  a  load,  even  though 
it  may  not  have  reached  a  firm  bottom,  the  friction  of  the 
sand — or  the  pressure  of  its  particles  against  the  sides  of 
the  stick  or  pile — holding  it  in  place.  Thus,  when  a  pile  is 
driven  into  the  ground,  it  is  held  in  position  by  the  friction 
against  its  sides. 

It  is  usual  to  excavate  to  a  point  below  where  the  heads  of 
the  piles  are  to  be  cut  oS,  in  order  that  they  may  be  leveled 
up  before  the  concrete  is  put  in  or  the  foundation  begun. 

43.  Terms  Used  In  Pile  Driving.— The  technical 
terms  used  in  pile  driving  are  descriptive  of  the  form  or 
position   of  the  piles,  or  the  manner  of 

their  driving. 

A  close  pile  is  one  set  close  to  another 
when  the  pile  already  driven  shows  signs 
of  weakness.  , 

A  false  pile,  or  follower,  is  an 
additional  length  added  to  a  pile  for 
deeper  driving.  Fig,  10  shows  the  man- 
ner of  comiecting  the  first  pile  driven  and 
the  follower;  a  is  the  first  pile,  b  is  the 
follower,  and  i:  is  a  dowel  to  preserve  the 
alinement  of  the  two  piles.     At  d,  d  are  ^°-  "* 

shown  wrought-iron  straps,  made  usually  of  2"  X  i"  X  20" 
iron,  to  bind  the  two  piles  together. 

A  wale  is  a  horizontal  string  piece  to  bind  the  piles 
together. 

Pile  boops  are  bands  placed  around  the  tops  to  prevent 
splittine. 
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44.  The  common  timber  pile  is  the  one  that  particularly 
interests  the  architect.  Except  for  large  work,  it  is  seldom 
that  he  uses  the  concrete  or  any  other  pile.  He  should, 
however,  have  a  general  knowledge  of  the  various  styles  in 
use. 

45.  Piles  are  generally  round,  and  from  9  to  18  inches 
in  diameter  at  the  head.  They  should  be  straight  and  free 
from  bark  and  projecting  limbs;  but  where  piles  are  exposed 
to  the  rise  and  fall  of  tides,  it  is  considered  best  to  drive 
them  with  the  bark  on,  since  they  are  then  not  so  easily 
affected  by  the  action  of  sea-water,  and  are  not  likely  to  be 
attacked  by  the  Teredo  navalis  and  other  boring  sea  worms. 

Oak,  spruce,  hard  pine,  cypress,  and  elm  are  the  principal 
woods  used  for  piling.  Oak  has  the  advantage  of  being 
hard  and  tough,  and  stands  hammering  well,  but  cannot  be 
obtained  in  as  large,  straight,  or  long  pieces  as  spruce,  hard 
pine,  or  cypress.  The  long-leaf  pine  is  hard  and  tough  and 
can  readily  be  obtained  in  good-sized  logs  of  lengths  up  to 
90  or  100  feet,  and  from  12  to  18  inches  diameter  at  the  butt, 
and  from  5  to  12  inches  thick  at  the  lower  end. 

46.  Piles  are  usually  driven  with  their  small  ends  down. 
The  butt  end  is  cut  off  square,  to  receive  the  hammer 
squarely.  The  small  end  is  usually  pointed  to  an  angle  of 
about  30"  and  is  often  shod  with  iron.  If  the  pile  is  to  be 
used  in  very  soft  soil,  it  is  often  better  to  leave  the  small 
end  blunt,  because,  when  the  pile  has  but  little  lateral  sup- 
port,  any  small  obstruction  is  liable  to  deflect  the  pointed 
end,  while  a  blunt  pile  will  drive  such  small  obstacles 
before  it. 

47.  The  large  end  of  the  pile  should  be  cut,  or  cham- 
fered, for  a  few  inches  from  the  end,  so  that  a  wrought-iron 
ring,  1  inch  in  thickness  and  3  inches  wide,  will  fit  over  the 
end  of  the  pile  tightly  when  struck  one  or  two  light  taps 
with  a  hammer  or  ram.  Sometimes  a  ring  from  1  to  li  inches 
less  in  diameter  than  the  pile  is  simply  placed  on  the  top  of 
the  pile,  and  driven  into  it  with  light  blows.  This,  however, 
is  not  so  desirable  as  the  former  method,  as  the  ring  is  liable 
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to  split  long  pieces  from  the  sides  of  the  piles,  and  not  usually 
beioE  put  on  until  the  pile  is  more  or  less  battered  on  the 
end,  is  likely  to  be  carelessly  placed,  and  not  concentric  with 
the  head  of  the  pile.  The  rings  are  used  in  pile  driving  in 
order  to  lessen  the  tendency  of  the  pile  to  split  or  broom. 
BFoomlnsr  is  a  term  applied  to  the  splintering  of  the  fibers 
on  the  end  of  the  piles,  due  to  repeated  blows  of  the  ram. 

48.  Shoeing  Piles. — When  piles  are  driven  through 
soft  material  to  rock  or  hard  gravel,  the  force  of  the  blows 
of  the  hammer  has  a  tendency  to  split  the  piles,  after  rock 
or  hard  gravel  has  been  reached,  thus  greatly  impairing  their 
bearing  capacity;  to  prevent  this,  piles  are  often  protected  at 
the  end  with  wrouglit- 

or    cast-iron    shoes. 

Fig.  11  illustrates  three 

methods  of  shoeing  the 

ends   of  piles.     At  (a) 

is    shown    a    2"  X  i" 

wrought'iron  strap  a 

bolted    through    the 

pile  i,  forming  a  shoe, 

which  is  the   same   on  f^>  <'> 

both  sides  of  the  pile.  ""=■ " 

At  ( b)  is  shown  a  cast-iron  conical  shoe  fitted  over  the  end  of 

the  pile  b;  the  head  of  the  shoe  c  protects  the  end  of  the  pile, 

and  the  straps  a,  one  on  each  side,  hold  the  shoe  in  place. 

One  of  the  best  forms  of  cast-iron  shoes  is  shown  at  {c) .     In 

this  case,  the  pile  has  a  blunt  end  from  4  to  6  inches  in 

diameter  shown  at  b.    The  shoe  has  a  solid  conical  point  c, 

the  top  of  its  base  being  about  the  same  diameter  as  the  end 

of  the  pile;  the  straps  then  extend  up  on  the  sides  of  the 

pile,  and  are  bolted  or  spiked  to  it,  as  shown.    The  straps 

and  bolts  hold  the  shoe  in  place  while  it  is  pushed  through 

the  soil.     A  shoe  of  this  kind  will,  to  a  great  extent,  prevent 

the  end  of  the  pile  from  brooming. 

49.  protection  of  Piles. — When  timber  foundations 
have  to  be  constructed,  and  the  piles  are  exposed  to  sea-water. 
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they  are  liable  to  be  attacked  by  various  wood-boring  worms 
that  will  penetrate  the  piles  and  destroy  ordinary  timber  in 
from  3  to  5  years.  The  bark  is  therefore  often  left  on, 
for  they  do  not  often  bore  through  the  bark  of  piles, 
which  seems  to  kill  them  before  they  can  penetrate  it. 
To  prevent  the  attack  of  these  destroyers,  the  piles 
are  often  treated  with  creosote,  or  the  heavy  oil  of  tar. 
The  sap  and  moisture  are  exhausted  from  the  wood 
by  creating  a  partial  vacuum  in  an  air-tight  vessel  or 
tank,  in  which  the  piles  have  been  placed,  and  then 
forcing  the  creosote  into  the  pores  of  the  timber  under 
a  heavy  pressure.  By  this  means,  the  depredations  of 
the  Teredo  navalis,  or  sea  worms,  are  almoSt  completely 
checked.  Wooden  piles  are  frequently  charred  slightly 
on  the  outside,  to  allow  the  creosote  to  penetrate 
more  readily.  The  charred  wood  also  prevents  the  sea 
worms  from  eating  through,  by  reason  of  the  fact  that 
it  affords  the  pest  no  nonrishment. 


METAL    PILES 

50.  A  cast-iron  pile  is  shown 
in  Fig.  12.  This  type  of  pile,  owing 
to  its  original  cost  and  the  difficulty 
experienced  in  driving  it,  is  not 
extensively  used. 

Pio.  11 

BCREW    PILES 

51.  A  screw  pile  is  shown  in  Fig.  13. 
Screw  piles  are  forced  into  the  ground  by 
means  of  a  cast-iron  screw  on  their  lower 
end.  This  screw  is  usually  about  4  feet  in 
diameter,  and  has  a  pitch  of  about  7  inches. 
The  shaft  may  be  of  wood,  steel,  or  cast 
iron.  However,  it  is  usually  made  of 
hollow  metal  and  provided  with  teeth  a  on  °' 

its  lower  edge  to  assist  in  cutting.     Screw  piles  are  driven 
by  a   capstan   and   levers   fixed   at   the   top.     As   the   pile 
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descends,  lengths  of  pipe  are  added.     Such  piles  may  be 
used  in  most  soils,  as  they  will  sink  through  sand  or  gravel 
and  even  small  boulders.    Hollow  cast-iron  piles,  when  used 
as  screw  piles,  are  frequently  filled  with  'concrete  after  they 
are  in  place,  to  strengthen  them  and  in- 
crease their  t)earing  surface.     A  screw  pile 
can  be  sunk  near  a   buildiuEf  where  the 
shock  from  a  pile  driver  on  an  ordinary 
pile  would  be  dangerous. 


PNEUMATIC    PILK8 

62,  Pnenmatic  piles  are  cylinders, 
or  caissons,  of  steel  or  cast  iron  that  are 
sunk  by  excavating  from  the  inside.  The 
pressure  of  air  maintained  within  them 
prevents  an  inSux  of  water.  When  the 
piles  have  been  sunk  to  the  proper  depth 
and  the  interior  excavated,  they  are  filled 
with  concrete.      

DISK    PILES 

53.  A  disk  pile,  Fig.  14,  usually  has 

a  cast-iron  disk  a  oa  a  steel  shaft  fi.     It  ^°-  '* 

is  sunk  by  washing  away  the  earth  beneath  it  with  a  stream 

of  water.  

SAND    PILBB 

54.  A   sand   pile,   Fig.   15,  is   made   as  follows:    An 

ordinary  pile  is  driven  into  the  ground 

V    5  or  6  feet  and  then  withdrawn.     This 

■;     operation  leaves   a  hole  with   the  soil 

packed  tightly  around  it.     The  hole  is 

then  filled  with  sand.     The  sand  is  put 

in,  a  few  inches  at  a  time,  and  tamped; 

''"'■  ^  then  more  sand  is  added,  being  tamped 

every  few  inches,  and  so  on,  until  the  hole  is  filled.     This 

method  of  piling  is  very  successful  in  soft  clay.    The  holes 
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an  anger  instead  of  a  wooden  pile, 
pile  is  preferable,  as  it  compresses  the 
he  bearing  power  of  a  sand  pile  depends 
ion  against  the  sides,  due  to  the  arching 
t  one  another,  as  on  the  direct  load  car- 
f  the  hole. 


CONCRBTB    P1LB8 

>nn  of  concrete  pile  is  shown  in  Fig.  16. 

shoe  a  as  shown,  and  is  reinforced  by 
lese  rods  are  laced  together  by  wire  at 

intervals.  A  cap  of  steel,  which  is  put 
pile  while  driving,  is  shown  at  b.  The 
filled  with  sand,  as  shown  at  c,  and  this 
Its  as  a  cushion  to  distribute  the  force  of 
w  evenly  over  the  top  of  the  pile.     The 

kept  in  the-  cap  by  clay,  as  shown  at  /, 
s  in  turn  held  in  by  hemp  packing  shown 
!!^oncrete  piles  should  be  made  at  least 
s  before  being  used.     They  are  more 

and  stronger  than  wooden  piles  but 
e  more  expensive. 


DRITIKO    PILES 

Piles  are  usually  sunk  by  a  machine 
I  pile  driver,  which  consists  of  a  frame 
if  two  vertical  guides,  usually  of  wood, 
a  which  slides  a  weight.  The  pile  driver 
d  over  the  pile  to  be  sunk  and  the  weight 
ed  to  the  top  of  the  guides  by  a  rope  that 
over  a  pulley  on  the  top  of  the  frame  and 
?  to  an  engine  drum.  After  the  weight 
of  the  frame,  it  is  released  and  falls  on 
.  This  operation  is  repeated  until  the 
ore  than  from  i  to  1  inch  under  one  blow 
mer,  as  it  is  often  called.     This  hammer 
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eenftraH?  weighs  about  1,500  pounds  and  falls  about  20  feet 
on  the  head  of  the  pile  below. 

When  the  weight  of  the  hammer  and  the  height  from 
which  it  falls  are  Icnown,  the  distance  a  pile  sinks  at  the  last 
blow  detennines  approximately  the  load  it  will  cany. 


CALCUI^TIONS     FOR    PILES 

57.  The  efficient  bearing;  capacity  of  piles  in  different 
soils  is  very  indefinite.  A  pile  may  go  down  through  a  stiff 
clay  or  gravel  for  some  distance,  sinking  very  little  at  each 
blow  of  the  hammer,  and  may  then  penetrate  a  soft  stratum, 
so  that  the  pile  will  sometimes  sink  nearly  as  much  at  the 
last  blow  as  at  the  first.  In  this  case,  the  friction  on  the 
sides  of  the  pile  keeps  it  in  place.  But  this  friction  is  so 
great  that  even  in  marshy  ground  the  ultimate  bearing 
capacity  of  a  pile  30  feet  long  is  given  as  from  13,000 
to  20,000  poimds,  or  from  6i  to  10  tons.  In  alluvial  soil,  or 
moderately  soft  clay,  the  bearing  capacity  is  from  20,000  to 
40,000  pounds,  or  10  to  20  tons;  and  in  stiff  clay,  or  compact 
sand,  from  40,000  to  100,000  pounds,  or  20  to  50  tons. 

68.  Having  the  weight  of  the  hammer,  the  height  it 
falls,  and  the  penetration  of  the  pile  at  the  last  blow  of  the 
hammer,  the  following  rule  may  be  used  for  determiqing 
the  ultimate  load  a  pile  will  carry: 

Rule. — Multiply  ike  weight  of  the  ram,  in  Pounds,  by  the 
height  it  falls,  in  inefies,  and  divide  the  product  by  1  plus 
ifu  set  or  penetration.,  in  ituhes,  at  the  last  blow  of  the  hammer 

Expressed  as  a  formula: 

P-      ^^ 
(a  +  1) 
in  which   h  =  fall,  in  inches; 

W  =  weight  of  hammer,  in  pounds; 
a  =  penetration  at  last  blow,  in  inches; 
/*  >=  ultimate  load,  in  pounds. 
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customary  to  allow  only  one-sixth  of  the 
td  for  the  safe  load  a  pile  should  carry, 
1,  in  pounds,  p, 

^        6        6(a  +  l) 

ight  of  a  pile-driver  hammer  is  1,500  pounds; 
ir  180  inches;  penetration  of  pile  at  last  blow, 
safe  bearing  capacity  of  the  pile? 

;-^ji??e-  15,000  lb.,  or  7.6  T. 
ill  carry.    Ads. 

lations  of  the  bearing  power  of  piles,  a 
is  necessary,  owing  to  the  many  uncer- 
rith  the  subject.  The  New  York  building 
pile  shall  not  be  less  than  5  inches  in 
Uest  end,  and  that  when  walls,  piers,  or 
I,  they  shall  be  spaced  not  more  than 
I,  and  shall  not  carry  more  than  20  tons 
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FOOTINGS 


DESIGN  AND  CONSTRUCTION 


PUBPOSE    OF    FOOT1NQ8 

1.  If  a  man  stands  on  soft  mud,  marshy  ground,  or 
qnicksand,  be  sinks  to  3  greater  or  less  depth,  proportional 
to  his  weight.  If,  however,  he  stands  on  a  plank  or  wooden 
platform,  or  on  a  post  or  posts  driven  through  the  mud  or 
marsb  to  firmer  ground,  his  weight  is  distributed  over  a 
larger  area  in  the  first  case  and  carried  down  to  a  better 
foundation  in  the  second. 

It  is  similar  with  the  footings  of  buildings.  By  spreading 
the  load,  or  weight  of  the  structure,  over  a  larger  area  or 
bearing  surface,  the  weight  of  the  building  is  more  evenly 
distributed,  and  the  likelihood  of  a  settlement,  due  to  com- 
pression of  the  ground,  is  much  diminished.  For  this  reason, 
the  higher  and  heavier  the  building  is  to  be,  the  wider  and 
deeper  the  supports  or  footings  for  the  foundation  must  be; 
and  if  extremely  soft  or  yielding  ground  is  encountered, 
piling  should  be  resorted  to  in  order  to  carry  the  weight  of 
the  building  to  a  more  solid  base. 

2,  Footings  may  be  of  iron,  timber,  large  flat  building 
iitones,  laid  directly  on  the  ground  or  on  a  bed  of  concrete, 
or  they  may  be  of  concrete  alone  or  with  reinforcement,  or 
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concrete  and  stepped-up  brickwork.  Where  piling  is  used, 
heavy  cappine  timbers  are  often  placed  on  the  heads  of  the 
piles,  with  either  stone  or  concrete  footines  resting  on  them; 
or  large  footing  stones  may  be  laid  directly  on  the  piles. 


TIUBBIt    FOOTINQB 

3.    Timber  is  often  tised  for  footing  courses  where  s 
targe  bearing  surface  is  necessary,  and  can  be  obtained,  pro- 
vided always  that  the  timber  can  be  kept  from  rotting.     In 
some  cases,  the  timber  is  charred  on  the  outside;  and  in 
other  cases,  it  is  coated  with  asphalt.    If  the  ground  is  con- 
I  tinually  wet,  there  is 
;  little  to  fear,  as  tim- 
i  ber    will    not    decay 
;  when  kept  constantly 
I  saturated  with  water; 
;  but  when  alternately 
;  wet  and  dry,  unpre- 
:  pared  timber  cannot 
■  be  depended  on. 

The   best   method 
I   of  placing   planks 
Fio.  1  under  walls  for  foot- 

ings is  to  use  3"  X  12"  plank  cut  in  short  lengths  and  laid 
crosswise  in  the  trench.  A  layer  of  plank  of  the  same  size 
is  then  laid  lengthwise,  followed  by  a  third  layer  again 
placed  transversely.  In  Fig.  1,  b  is  the  stone  footing  resting 
on  the  footing  planks  a,  and  carrying  the  stone  foundation 
wall  c  between  the  sides  d,  d  of  the  trench. 


CONCRBTB    AKD    STONB    ITOOTINGS 

4.  Fig.  2  shows  a  20-inch  brick  wall  b,  on  a  concrete 
footing  a,  20  inches  thick  and  36  inches  wide.  Figs.  3  and  4 
show  the  concrete  base  a,  and  stepped-up  brick  footing 
courses  b.  In  Fig.  3,  each  step  of  brickwork  is  set  back 
2  inches  for  each  course;  while  in  Fig.  4,  each  step  is  set 
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back  4  inches  for  each  two  courses.     At  £  is  shown  a  20-iiich 
brick  fotiDdation  wall  resting  on  the  stepped-up  brick  footing. 


Pig.  5  illustrates  a  stone  footing  a,  a  composed  of  three 
courses  of  flat  stone,  each  course  being  8  inches  thick.     The 


top  course  has  a  projection  of  6  inches  on  each  side  of  the 
20-incb  brick  foundation  wall  b,  and  the  middle  and  bottom 
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courses  each  project  3  inches,  making  the  width  of  the  bottom 

stone  3  feet  8  inches. 

Fig.  6  shows  B.  stepped-stone  footing. n.a  in  section,  similar 
to  that  shown  in  Fig.  5,  but  sup- 
porting a  24-inch  stone  founda- 


tion  wall  ^.     Each  base  course  advances  3  inches  beyond  tfae 
one  above. 

Fig.  7  shows  a  footing  consisting  of  a  single  course  of 
stone  a,  8  inches  thick  and  28  inches  wide,  carrying  the 
stone  wall  6,  20  inches  thick. 

5.  As  a  rule,  concrete,  when  of  sufficient  depth  and 
width,  and  when  properly  made  and  laid,  makes  the  best 
footing  course.  Concrete  for  footings  should  be  made  of 
one  part  good  cement,  three  parts  clean,  sharp  sand,  and  six 
parts  sharp,  broken  stone.  In  very  important  work,  such  as 
bridge  piers,  and  the  footings  of  very  tall  buildings,  chim- 
neys, etc.,' a  proportion  of  one  of  cement,  two  of  sand,  and 
four  of  broken  stone  is  generally  used.  The  New  York 
building  laws  call  for  one  of  cement,  three  of  sand,  and  five 
of  broken  stone. 

None  of  the  stone  used  in  making  concrete  should  be 
larger  than  will  go  through  a  2-inch  ring.  In  localities 
where  stone  cannot  readily  be  obtained,  broken  brick  or  terra 
cotta  may  be  used  in  the  same  proportion  as  stone,  care 
being  taken  to  use  good  hard-burned  material. 

Well-broken  foundry  slag  and  scoriEe,  steam-boiler  ashes 
from  anthracite  coal,  and  clean-washed  gravel,  mixed  in  the 
proportions  given,  make  good  concrete,  though  gravel,  being 
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rouaded  and  smooth,  does  not  adhere  to  the  mortar  so  well 
as  does  broken  stone,  slag,  brick,  or  scorix. 

No  concrete  should  be  made  unless  it  is  to  be  used  at 
once,  because  the  cement,  forming;  its  most  essential  part, 
sets  or  hardens  quickli^,  and  if  it  sets  before  being  put  in 
place,  it  is  valueless. 

6.  As  soon  as  the  concrete  is  thoroughly  mixed,  it 
should  be  conveyed  to  the  footing  trenches  and  put  down  in 
layers  of  from  6  to  8  inches  thick.  As  each  layer  is  put 
down,  the  concrete  should  be  well  rammed  with  a  wooden 
rammer,  until  the  water  flushes,  or  shows  on  top  of  each 
layer.  This, method  causes  the  layers  to  unite,  and  make 
one  solid  homogeneous  mass,  and  is  preferable  to  throwing 
the  concrete  from  a  platform  into  the  trenches,  as  by  the 
latter  method  the  concrete  does  not  become  consolidated. 

Should  one  layer  have  become  partly  set  before  another 
layer  is  put  down,  the  concrete  should  be  swept  clean, 
scratched  with  a  rake,  and  well  moistened  with  water  before 
the  next  layer  is  put  in  place. 

Sometimes,  it  becomes  neces* 
sary  to  lay  concrete  in  running 
water,  and  unless  some  means 
is  devised  to  protect  it  during 
the  laying,  the  water  will  wash 
the  cement  away  from  the  con- 
crete and  weaken  it.  This  is 
prevented  by  making  large  bags 
of  oiled  cotton,  filling  them  with  ' 
concrete,  and  then  lowering  the 
bags  of  concrete  into  the  exca- 
vation; the  concrete  will  then  set 
before  the  water  can  wash  out 
the  cement.  p,o,  g 

7.  Quicksand,  when  confined,  can  be  safely  built  on. 
Fig.  8  shows  a  method  of  confining  quicksand  by  sheet 
piling,  and  placing  concrete  between  the  piling.  The  sheet 
piling  shown  at  a,  a  is  placed,  in  this  case,  4  feet  apart;  the 
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concrete  shown  at  ^  is  2  feet  thick  and  extends  the  full  width 
of  the  piling;  the  quicksand,  through  which  the  sheet  piling 
is  driven,  is  shown  at  c,  and  the  20-inch  brick  foundation 
wall,  at  {f. 

8.  Fig.  9  gives  an  example  of  a  footing  composed  partly 
of  timber.  This  was  placed  near  the  water-line  of  a  marsh 
in  New  York  state,  to  carry  a  factory  building  50  ft.  X  80  ft. 

and  40  feet  high.  The 
soil  was  a  stiff  black  muck, 
and  at  a  depth  of  about 
5  feet,  water-soaked  sand 
was  found.  After  the 
trenches  were  dug,  a  bed- 
ding of  concrete  a  12  inches 
thick  was  laid.  On  top  of 
this,  2-inch  spruce  planks  b 
were  placed  crosswise,  fol- 
lowed by  8"  X  8"  timber  c, 
laid  parallel  with  the 
trenches  and  filled  in  be- 
''»■  •  tween  with  concrete.    On 

this  were  laid  the  base  stones  d,  and  on  top  of  these  was 
built  a  20-inch  foundation  wall  e.  The  trenches  on  each  side 
of  the  wall  were  filled  in  with  sand,  rammed  down,  as  shown 
at  /. 

This  factory  has  an  engine,  shafting,  boiler,  and  machinery, 
and  employs  over  one  hundred  operatives,  yet  no  settlement 
has  occurred,  though  it  has  been  built  a  number  of  years. 

9.  Stone-footing  courses  should  be  laid  with  large  fiat 
stones  not  less  than  8  inches  thick.  If  more  than  one  course 
is  laid,  the  joints  should  never  come  over  each  other,  as  that 
would  defeat  the  object  of  bonding,  which  is  to  firmly  tie 
together  the  parts  of  the  wall. 

All  stone  footings  should  lie  on  their  natural,  or  quarry, 
beds,  and  all  the  joints  and  spaces  between  the  stone  must 
be  well  filled  with  mortar,  because  the  mortar  acts  as  a 
bedding  between  the  stones,  and  unless  this  were  interposed, 
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the  uneven  pressure  of  one  stone  on  another  might  cause  a 
fractnre  of  one  and  produce  settlement. 

10.  All  footing;  courses,  as  indeed  all  mason  work  below 
ground  level,  should  be  laid  in  cement  mortar,  although  in 
dry,  well-drained  soil,  lime-and-cement  mortar  may  be  used. 
The  asual  proportion  of  cement  and  sand  for  cement  mortar 
is  one  part  of  cement  and  three  parts  of  sand.  The  propor- 
tions of  cement-and-lime  mortar  are  one  of  cement,  one  of 
lime,  and  four  of  sand.  The  proportions  just  stated  are  from 
the  building  laws  of  New  York,  and  have  been  found  suit- 
able for  general  mason  work. 

11.  Stepped-up  brick  footings  having  concrete  and  stone 
bases,  as  shown  in  Figs.  3  and  4,  are  often  used.  The  pyram- 
idal form  of  stepped-up  brickwork  carries  the  load  of,  the 
superstructure  more  evenly  to  the  footings  and  reduces  the 
risk  of  settlement  or  fracture.  This  form  of  footing  is  used 
very  extensively  for  piers  supporting  iron  colunms.  Nothing 
but  good,  hard,  well-burned  brick  should  be  used;  and  they 
should  be  laid  in  cement  mortar,  and  should  break  joints — 
that  is,  no  two  joints  should  come  over  each  other. 


POOTIKQS   ON    ROCK   AND    6BATXL 

12.  In  placing  foundation  footings  on  rock,  it  is  some- 
times found  that  some  portions  of  the  footings  will  rest  on 
the  rock,  and  others,  owing  to  the  diversifled  character  of 
the  surface,  will  rest  on  clay,  sand,  or  gravel.  The  settle- 
ment of  the  foundation  walls — and  as  a  necessary  conse- 
quence, that  of  the  whole  building — will  then  be  uneven,  as 
the  walls  resting  on  the  rock  will  not  settle,  while  those 
resting  on  the  sand,  gravel,  or  clay  will,  by  compressing  the 
material  on  which  they  are  carried. 

13.  Fig.  10  shows  the  melh'od  employed  to  obtain  equal 
settlement.  At  (a)  is  shown  the  rock  and  gravel  before 
leveling  or  excavating;  a  indicating  the  clay  or  sand  and 
6,  the  rock.  It  is  customary  to  remove  the  rock  to  a  certain 
Jevel,  as  shown  in  (b).     The  softer  soil  a  is  then  removed 
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and  leveled  oflE,  as  at  cc,  and  a  bed  of  concrete  ahont  3  feet 
thick,  as  shown  at  d  is  then  put  down,  the  concrete  being 
brought  to  the  level  of  the  rock,  and  on  this  the  brick  or 
stone  fonodation  wall  e  is  builL 


/»> 

PlO.lO 

14.  It  is  not  considered  necessar;,  on  solid  rock,  to  have 
the  footing  bed  cut  level  over  its  entire  surface,  nor  even 
cut  into  a  series  of  horizontal  surfaces  resembling  steps,  as 
is  frequently  done  in  softer  soils,  which  method  costs  a  great 
deal  of  time  and  money;  but  it  is  necessary  that  the  surface 
of  the  rock  shall  be  so  roughened  that  the  possibility  of 
the  footing  slipping  on  its  foundation  will  be  prevented. 
After  this  is  done,  concrete  may  be  put  in  to  bring  the 
foundation  to  its  proper  level.  When  the  structure  is  three 
or  four  stories  in  height,  stone  or  brick  may  be  used  in  place 
of  concrete,  but  a  concrete  base  is  usually  considered 
preferable.  

FOOTING    ON    SLOPING    GROITND 

15.  Footing  courses  built  on  slopes — especially  of  clay — 
are  always  likely  to  slide.  This  may  be  avoided  by  cutting 
horizontal  steps  in  the  slope  as  shown  in  Fig.  11,  where  the 
elope  ef  is  stepped  off,  as  shown  at  aa,  in  order  that  the 
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footings  6  b  may  hare  a  horizontal  bearing.    These  footings 
may  be  of  either,  stone  or  concrete,  but  when  the  former 


material  is  used,  great  care  must  be  exercised  to  secure  a 
periect  bond  at  the  stepping  places,  and  the  foundations 
should  be  laid  in  as  long  sections  as  possible. 


SPREAD  FOOTINGB 

16.  It  is  often  found  that  compressible  soils,  even  allu- 
viam  and  soft  clay,  will  bear  from  1  to  2  tons  per  square 
foot  with  but  little  settlement,  and  under  a  steady  load,  this 
settlement  is  in  most  cases  uniform.  It  very  often  is  cheaper, 
therefore,  to  spread  the  foundation  over  a  large  area  than  it 
is  to  drive  piles. 

In  Chicago,  for  example,  the  subsoil  extending  from  5  to 
8  feet  below  the  street  grade  is  of  blue  clay.  This  clay  bed, 
when  below  the  level  of  ground  or  drainage  water,  becomes 
quicksand  or  blue  mud,  and  has  a  bearing  capacity  of  only 
a  little  over  1  ton  per  square  foot,  so  the  heavy  weights  of 
the  high  buildings  are  carried  on  spread  foundations.  This 
plan  is  usually  adopted  in  the  Chicago  soil,  because  the 
quicksand  or  mnck  substratum  is  of  great  depth,  and  piles 
driven  through  the  stiff  upper  stratum  sink  2  or  3  feet  at 
every  blow  of  the  hammer,  and  are  held  solidly  only  at  the 
top  and  the  bottom. 
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RBINFORCBI>>CONCKBTe    POOTIMOS 

17.  Spread  footings  may  be  built  either  of  co^prete  with 
steel  tension  rods  or  netting;,  or  with  a  base  of  I  beams  or 
steel  rails,  bedded  in  concrete,  or  of  timber  and  masonry  as 
previously  described. 

Concrete  footings  can  be  made  much  shallower  and  cheaper 
by  nsing  some  form  of  tension  bars  or  netting  on  the  under 
side  than  by  making  them  of  concrete  alone.  This  method, 
besides  saving  excavation  and  concrete,  will  also  gain  space 
in  the  basement  of  a  building,  which  is  of  great  importance 
in  the  modern  office  structure. 

18.  A  concrete  base  under  a  column  has  a  tendency  to 
break,  as  shown  in  Fig.  12.  The  fibers  of  the  material  at  a 
"are  in  tension  and  the  fibers  at  i)  are  in  compression.  Con- 
crete I  month  old,  made  of  good  Portland  cement,  has  a 
compressive  strength  of  about  2,000  pounds  per  square  inch, 

while  it  has  a  tensile 
strength  of  only  about 
200  pounds  per  square 
inch.  Therefore,  in 
a  spread  foundation 
the  danger  is  from 
the  concrete  ruptur- 
ing at  a  rather  than 
crushing  at  b,  as  can 
be  seen  from  the 
figure.  To  remedy 
this  defect,  steel  is 
""'■"  embedded  in  those 

portions  of  the  footing  that  have  to  resist  tension.  Thus, 
the  concrete  cannot  fail  in  those  places  unless  the  steel 
also  gives  way.  The  tensile  strength  of  steel  is  about 
65,000  pounds  per  square  inch,  and,  consequently,  a  small  per- 
centage of  steel  will  be  sufficient  to  hold  concrete  together. 

19.  Footings  Reinforced  With  Steel  Bars. — There 
are  various  ways  to  reinforce  concrete  with  steel.     Probably 
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the  method  most  frequently  used  is  to  embed  ordinary  roond 
steel  rods  in  the  concrete.  In  the  last  few  years,  however, 
many  patent  bars,  with  corrugated  or  twisted  surfaces,  have 
been  put  on  the  market.  The  makers  of  these  bars  claim 
that  there  is  a  tendency  for  the  smooth  bars  to  slip  through 
the  concrete,  and  that  twisted  or  corrugated  bars  increase 
the  {n*!?  of  the  concrete  on  the  steel.  Fig.  13  illustrates 
three  makes  of  these  bars:  [a)  represents  a  bar  used  in  the 
Ransome  system  of  reinforced  concrete;  {b)  is  a  bar  patented 
by  the  Expanded  Metal  Company;  and  (c)  is  a  Thacber  bar. 


20.  Whether  it  is  better  to  use  a  few  patented  bars  for  a 
certain  piece  of  work  or  a  greater  number  of  ordinary  round 
bars  is  simply  a  question  of  expense.  The  patented  bars 
cost  more  but  are  more  efficient  and  the  question  of  using 
them  will  depend  entirely  on  the  extra  cost.  The  increase 
in  cost  over  the  ordinary  round  bars  is  due  to  the  fact  that 
the  former  are  patented  and  more  labor  is  required  in  their 
manufacture. 

21.  FootlQKS  Reinforced  With  Expanded  Uetal. 
Another  kind  of  reinforcement  that  is  sometimes  used  for 
foundation  work  is  expanded  metal.     This  is  made  from 
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courses  of  concrete  and 
steel  as  are  necessary  ma; 
be  laid  and  tamped. 

23.     Fiir.  16  illustrates 
a  spread  foundatioa  rein- 
forced  with    expanded 
metal,  which  is  laid  in  the 
same  manner  as  the  bars 
in  Fig.  15.     The  strain  on 
the  footing  is   greater  in 
the  center  than  toward  the 
edges;  therefore,  an  extra 
piece  of  expanded 
metal  shown  at  a  in 
the  illustration  is 
placed  in  the  middle 
of  the  footing  to  help 
support  this  strain. 

24.  Fig.  17  illus- 
trates the  saving  of 
material  and  labor 
over  plain  footings,  in 
building  footings  of 
concrete,  by  using 
steel  reinforcement. 
At  (d)  is  shown  a 
footing  without  steel 
reinforcement,  while 
at  {b)  is  shown  a  foot- 
ing designed  for  the 
same  strength  but 
reinforced  with  rods 
manufactured  by  the 
Expanded  Metal 
Company.  The  cost 
of  the  footing  shown 
ia  (a)  is  as  follows: 
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Excavation,  11.53  cubic  yards  at  76  cents  .    $  8.6  6 
Concrete,  202.3  cubic  feet  at  2C  cents      .    .     5  2.6  0 
Total  cost  of  solid-concrete  footing     .    .  $  6  1.2  6 
The  cost  of  the  footing  shown  in  (d)  is  as  follows: 
Excavation,  6.18  cubic  yards,  at  75  cents  .     $  4.6  4 
Concrete,  86  cubic  feet,  at  26  cents  .    .   .    .    2  2.3  6 
Extra  length  ofcolumn,53pounds,  at  3.5  cents      1.8  6 
Corrugated  bars.  720  pounds,  at  3  cents  .    .  2  1.6  0 
Total  cost  of  rein  forced-concrete  footing  $  5  0.4  6 
Both  of  the  footings  shown  in  Fig.  17  have  been  propor- 
tioned to  sustain  a  column  load  of  200  tons. 

25.  Footinsrs  Reinforced  Witli  I  Beams. — When 
buildings  are  constructed  on  solid  ground,  it  is  claimed  that 
steel  or  iron  footings  are  cheaper  than  masonry.  Owing, 
however,  to  the  danger  of  rusting  in  steel,  it  was  considered 
doubtful  some  years  ago  if  steel  footings  could  be  made  as 
durable  as  those  composed  of  masonry.  Today,  however, 
architects  and  engineers  have  much  more  confidence  in  the 
ability  of  concrete  to  preserve  steel  from  rusting.  Many 
reinforced-concrete  structures — as  water  mains  and  building 
foundations — have  been  biu*ied  in  the  earth  for  some  years 
and  upon  being  taken  up  it  is  found  that  the  steel  is  in 
almost  perfect  preservation.  It  is  claimed  that  the  concrete 
in  contact  with  the  steel  prevents  it  from  rusting  by  its  chem- 
ical action,  even  when  the  latter  is  moist.  In  ordinary  rein- 
forced-concrete  work  DO  particular  precaution  is  taken,  but 
in  footings  reinforced  with  I  beams  more  care  is  usually 
employed  in  placing  the  steel,  to  be  sure  to  be  on  the 
safe  side. 

In  preparing  the  footings  for  laying  steel  beams,  the  bot- 
tom of  the  pier  must  first  be  located,  and  the  ground  care- 
fully leveled.  When  the  ground  is  of  soft  material  and  the 
sides  of  the  excavation  are  in  danger  of  falling  in,  heavy 
planks  or  timbers  should  be  set  up  and  fastened  together  at 
the  comers,  to  hold  the  concrete  in  place  and  prevent  its 
spreading  before  it  is  thoroughly  set.  Portland-cement  con- 
crete, made  of  one  part  cement,  two  parts  sand,  and  four 
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parts  broken  stone,  should  then  be  laid  in  layers  of  from  6  to 
12  inches,  according  to  the  weight  on  the  footings.  If  this 
concrete  bed  is  12  inches  thick,  it  should  be  made  in  two  layers. 
On  the  concrete,  the  iron  or  steel  beams  should  be  bedded  in 
mortar  made  of  one  part  Portland  cement  and  two  parts  sand, 
so  as  to  make  them  level  and  in  line  with  one  another. 

All  iron  or  steel  beams  should  be  thoroughly  cleaned  with 
wire  brushes,  and,  when  absolutely  dry,  painted  with  metallic 
paint,  or  heated  and  coated  with  two  applications  of  hot 
asphalt.  The  beams  should  be  very  carefully  examined  before 
covering  them  with  the  concrete,  and  if  any  of  the  paint  or 
asphalt  has  been  scraped  off,  the  coating  should  be  renewed. 
Every  possible  means  should  be  used  to  keep  the  beams  from 
rusting,  for  when  unprotected  they  rust  very  quickly. 

26<  The  I  beams  may  be  variously  spaced  from  10  to  20 
inches  between  f:enters,  according  to  the  weight  of  the 
beams,  thickness  of  concrete,  and  weight  of  superstructure, 
and  should  be  held  in  place,  relative  to  one  another,  by  means 
of  separators  and  tie-rods.  They  should  not  be  spaced  so 
far  apart  as  to  crush  through  the  concrete,  and  a  space  of  at 
least  2  inches  should  be  left  between  the  edges  of  the  flanges, 
so  that  the  concrete  filling  may  be  placed  between  the  beams. 
This  concrete  filling  should  be  made  in  the  same  proportion 
as  the  concrete  bedding,  but  the  stone  used  for  the  aggregate 
must  not  be  larger  than  will  go  through  a  l^>inch  ring,  and 
the  concrete  should  be  well  rammed  so  that  no  voids  will  be 
left.  It  should  also  be  carried  not  less  than  3  inches  beyond 
the  sides  and  ends,  and  kept  in  place  by  planking  or  timbers. 

27.  If  there  is  more  than  one  tier,  or  layer,  of  beams, 
the  top  of  each  layer  is  sometimes  leveled,  after  the  concrete 
has  been  rammed  in  place,  with  cement  mortar,  made  of  one 
part  Portland  cement  and  two  parts  sand,  laid  about  i  loch 
thick  over  tt^e  top  of  the  highest  beam,  and  on  this  the  next 
layer  of  beams  should  be  laid. 

Some  suggest  that  two  thicknesses  of  tarred  felt  be  laid 
in  hot  asphalt  on  top  of  the  concrete  before  the  beams  are 
laid,  and  on  this  H  inches  of  l-to-2  cement  mortar,  on  which 
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the  beams  should  he  placed.  The  same  authorities  also 
recommend  that  the  whole  exterior  of  the  footing  be  covered 
with  two  coats  of  hot  asphalt  put  on  over  the  cement. 

The  iron  base  plate  or  stone  footing  should  be  bedded  in 
about  i  inch  of  cement  mortar.  After  this  is  set,  the  whole 
of  the  beam  footing — top,  sides,  and  ends — should  be  cov- 
ered with  at  least  3  inches  of  Portland-cement  mortar  made 
in  the  proportion  of  1  to  2. 

28.  An  example  of  the  use  of  I  beams  is  shown  in 
Fig.  18.  The  10-inch  I  beams  6  run  transversely  under  the 
walls  and  are  supported  by  the  layer  of  concrete  a,  12  inches 


thick.  At  c  is  shown  the  concrete  on  top  of  the  I  beams; 
at  d,  the  stone-footing  courses  of  the  foundation;  and  at  e, 
the  foundation  wall.  When  spread  foundations  are  built 
under  isolated  piers,  especially  when  they  support  iron 
columns,  a  somewhat  different  form  of  construction  is 
usually  adopted. 

29.  Fig.  19  shows  the  arrangement  of  I  beams  under  a 
pier.  At  a  and  6  in  the  plan  (a)  are  shown  the  I  beams, 
and  at  cc,  the  foundation.  The  upper  tier  of  beams  i  is  laid 
transversely  on  the  lower  tier  a,  and  the  stone  footings  ct 
carry  the  3-inch  iron  plate  d  under  the  column. 
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At  (A)  is  shown  a  section  taken  on  line  /moo  the  plan  (a), 

where  the  concrete  base,  on  which  the  lower  tier  of  I  beams 

rests,  is  shown  at  e,  the  lower  tier  of  10-inch  I  t>eanis  at  a, 

and  the  concrete  around  the  upper  tier  of  beams  at  /;   d  is 

.  the  upper  tier  of  10-inch 

I  beams  shown  in  section, 

and  cf,   the  stone-footing 

courses   under  the  iron 

plate  d. 

At  (f)  is  shown  a  view 
of  the  pier  taken  on  line 
no,  on  the  plan  {a),  which 
represents  the  lower  tier 
of  I  beams  in  section  and 
the  upper  tier  in  elevation. 


The  12-inch  course  of  concrete  is  shown  at  e;  the  lower  tier 
of  I  beams  at  a;  the  upper  tier  of  I  beams  at  6;  the  concrete 
covering  the  beams  at  /;  ths  base  stones  of  the  pier  at  ec; 
and  the  iron  plate  under  the  iron  column  at  d. 

30.  Footings  Belnforced  With  Steel  Rails. — In  some 
cases,  iron  or  steel  rails  are  used  for  footings,  and  are  cheaper 
than  I  beams.  The  footings  are  built  up  with  from  three  to 
six  layers  of  rails  placed  at  right  angles  to-  one  another. 
As  each  layer  of  rails  is  laid,  concrete  is  filled  between  and 
around  them. 

Fig.  20  shows  a  footing  built  in  this  manner.  At  a  is 
shown  the  steel  or  iron  rails  with  concrete  between  them; 
t  is  the  base  stone  supporting  the  brick  pier  c;  while  e  is  a 
bond  stone  In  the  pier,  and  d  is  the  concrete  base.     In  this 


itizecoy  Google 


18  FOOTINGS  AND  FOUNDATIONS  §24 

case,  each  layer  of  rails  diminishes  in  length  and  number  until 


the  area  of  the  top  layer  does  not  greatly  exceed  the  size  of 
the  pier  base,  the  footing  thus  assuming  a  pyramidal  form. 


SFECIAIi  FOOTINGS 


FOOTlNGa    ON    PILB 

31.  Timber  FootluKs  on  Piles. — For  footing  courses 
on  pile  foundations,  several  methqds  are  employed.  Fig.  21 
shows  a  timber  footing 
or  capping,  laid  below 
the  water  level  to  prevent 
rotting.  The  piles  a  are  cut 
off  to  an  even  height,  and  on 
these  the  heavy  timbers  shown 
at  b  are  spiked  longitudinally, 
and  on  top  of  the  longitudinal 
timbers,  the  timbers  c  are  laid 
transversely  and  are  secured  to  the  first  course  on  the  piles. 
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Bf  this  method,  the  loading  is  distributed  evenly  over  the 
top  of  the  piles. 

32.  Stone  Footings  on  Piles.— Fig.  22  iliostrates 
footings  made  of  large-sized  building  stone  with  level  beds. 
At  a  are  shown  the  piles  and  at  6  the  building-stone  footings. 
These  stones  must  in  every  case  ftst  directly  on  the  piles. 
Great  care  must  also  be 
taken  that  one  pile  comes 
under  each  comer  of  the 
stone,  to  keep  it  from  tipping, 
and  that  the  stone  has  a  full 
bearing  on  each  pile  head. 
To  insure  this,  the  piles  must 
be  sawed  off  perfectly  level 
and  all  the  same  height,  as  Pio.iz 

no  pieces  of  wood  or  small  bits  of  stone  should  be  placed 
under  the  stone  footings  to  give  them  bearing  on  the  piles. 
Wooden  chips  crush  under  a  load,  and  pieces  of  stone  are 
likely  to  be  broken  or  dislodged,  leaving  the  block  in  a  state 
of  dangerous  instability. 

33.  In  many  cases,  concrete  filling  is  used  between  the 
piles,  as  shown  in  Fig.  23.  After  the  piles  are  cut 
off  at  the  water  level,  which  is  shown  at  ae,  the  earth  is 


excavated  to  6f,  usually  about  2  feet,  and  the  space  thus 
obtained  is  filled  in  with  concrete  cc,  well  rammed  around  the 
sides  of  the  piles  </,  d,  and  leveled  off  at  the  top  to  carry  the 
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advent  of  steel  skeleton  construction  and  consequent  erection 
of  very  tall  buildings  have  caused  caissons  to  be  used  for 
building  foundations. 

36.  There  are  two  methods  of  reachins;  the  tequired 
foundation. 

In  the  first  method,  the  desired  depth  is  reached  by  exca- 
vating the  material  from  the  interior  of  a  large  timber  or 
iron  box,  or  cylinder,  strongly  constructed  for  the  purpose, 
and  then  forcing  the  structure  to  sink  until  the  required  depth 
is  reached  by  placing  a  sufficient  weight  or  load  in  it.  Struc- 
tures of  this  kind  are  called  open  caissons,  or  open  cribs. 

The  second  method  is  used  when  the  foundations  are  to 
be  carried  to  a  great  depth  in  very  soft  material  or  in  water. 
The  lower  part  of  the  caisson  is  formed  into  an  air  chamber 
resting  on  the  soil  at  the  bottom.  Air  is  pumped  into  this 
at  a  pressure  corresponding  to  the  depth  below  the  surface. 
and  the  excavation  is  carried  on  by  men  working  at  the 
bottom,  as  in  a  large  diving-bell.  Such  a  structure  is  called 
a  pneumatic  caisson. 

After  the  crib,  or  caisson,  is  sunk  to  the  proper  level, 
either  to  rock  or  compact  gravel,  the  inside  space  is  filled 
with  concrete;  on  this  the  piers  or  foundations  are  built,  if 
ttie  open  caisson  is  used;  and  on  top  of  the  caisson  itself, 
if  the  pneumatic  method  is  used. 

37.  The  work  of  sinking  the  cribs,  or  caissons,  is  outside 
of  the  architect's  province,  and  is  usually  entrusted  to  some 
firm  of  engineering  contractors  who  make  a  specialty  of 
work  of  this  description,  and  who  leave  everything  in 
readiness  to  construct  the  foundation  walls  or  piers. 


INVBRTBD    ARCHES 

38.  When  a  front  or  other  wall  is  composed  of  isolated 
piers,  it  is  well  to  combine  all  their  footings  into  one,  and  to 
step  the  piers  down,  as  shown  in  Fig.  25,  in  which  a  shows 
the  concrete  footing  course;  b,  the  stepped-up  foundations  of 
the  piers;  and  c,  the  niers  resting  on  the  footings. 
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39.  When  there  is  not  sufficieDt  depth  to  step  the  foun- 
dations, use  is  sometimes  made  of  inverted  arches.  These 
are  to  be  avoided  unless  the  foundation  wall  is  from  neces- 
5it7  ver7  shallow,  as  e:reat  care  is  required  to  lay  them 


properly,  and  the  slightest  settlement  in  the  arches  has  a 
disastrous  effect  on  the  piers. 

The  end  arch  of  the  building  must  have  a  pier  or  other 
support  of  sufficient  weight  or  strength  to  resist  the  thrust  of 
the  arch;  otherwise  the  weight  might  throw  out  the  pier,  as 
shown  by  the  dotted  lines  at  a,  a  in  Pig.  26. 


This  difficulty  is  overcome  by  the  use  of  an  iron  rod,  with 
iron  plates  and  nuts,  as  shown  in  Figs,  27  and  28,  thus 
securing  the  skew  backs  in  place. 
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the  line  from  a  to  ^  into  three  equal  parts,  then  draw  the 
three  circles  c,  c,  c  so  that  the  circumferences  of  these  circles 
willt>e  tangentat  d^d.  Then  cany  the  perpendicular  line «/ 
through  the  center  of  the  middle  circle;  the  point  /  where 
it  intersects  the  circumference  of  the  circle,  gives  the  center 
of  the  arch  from  g  to  k.  From  /  draw  lines  through  d,  d  to 
^and  A,  The  intersection  of  these  lines  at  d,d  gives  the 
centers  of  the  arch  from  ^  to  a  and  from  h  to  b.  At  k  is 
shown  the  12  inches  of  brick  in  the  arch,  and  at  /  the  con- 
crete under  it.  This  form  of  arch  is  used  frequently  in  the 
construction  of  sewers. 


DESIGN  OF  FOOTINGS 


FROPORTIOSINQ    POOTINOS 

42.  It  is  very  important  that  the  foundations,  whether 
continuous,  as  in  a  foundation  wall,  or  isolated,  as  when 
divided  into  piers,  should  have  the  footing  courses  propor- 
tioned to  the  weight  they  will  be  required  to  carry,  and  to 
the  bearing  carpacity  of  the  soil.  The  weight  the  footings 
must  carry  is  divided  into  several  classes  or  loads.  There 
is,  for  instance,  the  dead  load,  due  to  the  weight  of  the 
materials  of  which  the  building  is  made,  and  the  Itve  load, 
due  to  the  weight  of  furniture,  occupants,  goods  in  storage, 
etc.  There  is  also  the  snow  load  and  wind  had,  -which  are 
of  less  importance. 

The  pressure  on  the  soil  from  each  square  toot  of  the  foot- 
ings should  be  the  same,  where  the  soil  is  uniform,  and  at  no 
place  must  the  safe  bearing  power  of  the  soil  be  exceeded. 
To  secure  the  most  satisfactory  results,  therefore,  the  foot- 
ings must  be  proportioned  to  properly  distribute  the  weight 
they  are  to  carry  over  a  sufficient  area  of  ground,  to  secure 
uniform  settlement  in  each  case.  If  these  conditions  are 
always  properly  considered,  there  wilt  be  few  cracks  in  the 
mason  work,  as  such  cracks  are  caused  usually  by  unequal 
settlement.  A  uniform  settlement  even  of  aninch  or  more 
will  in  most  buildings  pass  unnoticed. 
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43.  Pig;.  SO  (a)  shows  a  tower  with  a  continuous  founda- 
tion. It  will  be  seen  that  the  masonry  of  the  walls  does  not 
bear  down  on  the  foundations  under  the  door,  but  only  at 
the  piers  at  both  sides  of  the  door,  as  indicated  by  the  two 
downward -pointing  arrows.  The  foundation  at  these  two 
points  has  to  carry  a  greater  load  than  the  foundation  in  the 
middle  and  will  therefore  settle  more,  causing  the  wall  above 
to  crack,  as  shown.  To  obviate  this,  the  foundation  should 
be  built  of  isolated  footings,  as  shown  in  Fig.  30  {6).     In 


this  case,  the  walls  will  settle  evenly  at  aH  points  and  the 
masonry  will  not  crack.  Of  course,  for  houses  light  in 
weight,  with  small  doors,  this  precaution  need  not  be  taken, 
but  in  building  a  heavy  tower  on  yielding  soil,  as  shown, 
it  is  of  importance.  Almost  all  the  high  office  buildings  in 
Chicago  are  built  on  isolated  footings  as  shown  in  Fig.  30  (A). 

44.  In  order  to  proportion  the  area  of  the  footings  in 
buildings  wifh  continuous  outside  foundations,  the  weights 
coming  on  each  inside  pier,  and  the  weight  of,  and  loads 
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carried  by,  all  the  walls  should  be  computed,  and  entered  in 
a  memorandum  book  for  reference.  The  ground  should  be 
examined,  and  the  load  per  square  foot  that  it  is  deemed 
advisable  for  the  footings  to  carry  should  be  determined 
(see  table  in  Excavating,  Shoring,  and  Piling  for  beartne 
power  of  different  soils).  The  load  on  the  various  foot- 
ings divided  by  this  unit  load  will  five,  as  results,  the  proper 
area  of  each  in  square  feet. 

45.  Where  the  exterior  walls  of  a  building  are  the  sup- 
port for  the  floors  and  are  of  masonry,  it  is  customary,  in 
designing  the  footings  under  the  cast-iron  or  steel  columns 
is  tbe  interior  of  the  building,  to  so  proportion  them  that  they 
will  exert  a  unit  pressure  on  the  soil  10  per  cent,  greater  than 
the  pressure  exerted  by  the  footings  under  the  walls.  This 
is  done  so  that  the  greater  settlement  of  the  soil  under  the 
columns  will  compensate  for  the  settlement  that  will  take 
place  in  the  body  of  the  masonry,  owing  to  the  shrinkage  of 
the  mortar  joints.  However,  this  condition  does  not  exist 
to  so  great  an  extent  when  cement  mortar  is  used. 

46>  One  object'of  proportioning  footings,  as  has  been 
stated,  is  that  the  building  shall  settle  evenly  without  crack> 
ing  the  masonry.  In  order  to  obtain  this  result,  the  footings 
must  be  proportioned  according  to  the  average  load  they  will 
carry  and  not  to  the  greatest  load,  although,  of  course,  they 
nanst  be  sufficiently  large  to  safely  support  any  weight  that 
is  likely  to  come  on  them.  That  is,  tbe  live  load  that 
would  actually  exist  in  the  building  should  be  considered, 
and  not  the  maximum  live  load  that  might  be — but  probably 
never  would  be — applied  to  all  the  floors  at  one  time.  If 
the  maximum  live  load  were  used,  the  footings  under  piers, 
which  support  a  very  large  floor  area  compared  with  those 
nnder  the  walls,  would  be  so  large  that  the  settlement  would 
be  very  little  compared  with  that  of  the  footings  under  walls, 
and,  consequently,  cracks  would  occur.  If  the  average  load 
that  the  building  will  carry  is  used,  the  settlement  will  be 
tmiform;  but  in  proportioning  the  footings,  for  this  average 
load,  a  smaller  bearing  value  of  the  soil  should  be  used  so 
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that  the  footings  wilt  be  large  enough  to  support  the  max- 
imum load  if  it  should  ever  be  applied. 

The  Chicago  building  law  sa^s,  "Foundations  shall  be 
proportioned  to  the  actual  average  loads  they  will  have  to 
carry  in  the  completed  and  occupied  building,  and  not  to  the 
theoretical  or  occasional  loads." 

Care  must  be  taken,  however,  when  proportioning  footings 
to  the  average  load,  that  the  maximum  load  per  square  foot 
on  a  footing  does  not  exceed  the  allowable  safe  bearing 
value  of  the  soil. 

47,  For  warehouses,  stores,  etc.,  60  per  cent,  of  the  live 
load  (the  load  due  to  the  weight  of  the  contents  of  the  build- 
ing, but  not  of  the  building  itself)  that  the  floorbeams  have 
to  carry  should  be  added  to  the  dead  load  carried  on  the 
footings.  For  office  buildings,  hotels,  dwelling  houses,  etc., 
the  weight  of  the  people  occupying  them  need  not  enter  into 
the  calculations  for  proportions  of  footings,  and  only  from 
25  to  30  pounds  per  square  foot  of  floor  need  be  allowed  for 
the  weight  of  furniture,  books,  safes,  etc.  Statistics  prove 
that  the  average  permanent  loads  do  not  exceed  the  limits 
just  stated.  For  theaters,  halls,  etc.,  a  larger  allowance 
should  be  made  for  the  weight  of  people,  but  even  a 
densely  packed  crowd  of  men  will  not  weigh  more  than 
160  pounds  per  square  foot  of  fioor. 


CATXULATINO    ARBA    OF    FOOTINGS 

48.  Fig.  31  represents  a  building  the  footings  of  which 
are  to  be  proportioned.  At  (a)  is  shown  the  plan;  at  (6), 
the  longitudinal  section;  and  at  (c),  the  transverse  section  of 
a  six-story  warehouse  and  its  basement  or  cellar,  built  on 
ordinary  dry  clay  in  a  thick  bed.  The  building  is  50  feet 
wide,  with  a  double  row  of  longitudinal  columns  a  a  support- 
ing iron  girders  d. 

The  load  on  1  lineal  foot  of  the  side  walls  will  be  about 
164  cubic  feet  of  brickwork,  weighing  about  19,680  pounds, 
at   120  pounds   per  cubic   foot.     One   foot  of   wall   has  to 
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lupport  fii  square  feet  of  each  floor  and  the  same  amotmt  of 
roof  area.     This  area  can  be  calculated  from  the  plan  (a). 

The  Soors  are  assumed  to  be  constructed  of  steel  beams 
61Ied  in  between  with  hollow  terra-cotta  tile,  with  cement 
filling  on  top.  This  floor  will  weigh,  altogether,  75  pounds 
to  each  square  foot  of  surface.  The  roof,  shown  at  d. 
Fig.  29  {6),  is  also  of  fireproof  construction,  but  has  lighter 
steel  beams,  and  weighs  60  pounds  to  the  square  foot. 
Thus,  the  dead  load  from  the  six  floors  and  the  roof  would 
amount  to 

8.5  (6  X  75  +  60)  =  4,335  pounds 

The  first,  second,  and  third  floors  are  supposed  to  carry 
150  pounds  to  the  square  foot,  and  the  foiu-th,  fifth,  and 
sixth  fioors,  100  pounds  per  square  foot,  the  weight  of  snow 
on  the  roof  being  taken  as  12  pounds  per  square  foot.  Then 
the  total  live  load  on  the  footings  amounts  to 
8.5  {3  X  ISO  +  3  X  100  +  12)  =  6,477  pounds  per  square  foot 

If  the  wall,  floor,  and  half  of  the  live  load  are  added,  it 
will  amount  to 

■19,680  +  4,336  +  ^^  =  27,254  pounds 

which  is  the  weight  per  lineal  foot  of  wall  that  the  foot- 
ing must  be  proportioned  to  carry.  The  soil  can  carry 
a  safe  load  of  8,000  pounds  per  square  foot,  according  to 
Excavating,  Shoring,  and  Piling. 

In  this  calculation,  only  one-half  the  live  load  has  been 
considered.  This  was  done  so  that  the  building  would  settle 
evenly  without  cracking.  However,  on  account  of  this,  a 
smaller  safe  load  for  the  soil  must  be  used,  say  5,000  pounds 
per  square  foot.  Dividing  27,254  by  5,000,  gives  approxi- 
mately 5. feet  6  inches  as  the  required  width  of  the  footing. 

To  obtain  the  load  on  the  footings  under  the  columns, 
the  weight  of  the  floors  and  the  roof,  together  with  the  live 
load,  is  calculated,  the  weight  of  the  columns  themselves 
being  so  little,  in  proportion  to  the  other  loads,  that  they 
need  not  be  considered  in  the  present  example.  Suppose 
that  the  columns  are  spaced  14  feet  apart  longitudinally 
and  16  feet  transversely,  then   each   column  will   support 
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14  (8  +  8i)  =  231  square  feet  of  floor;  thus  the  dead  load  on 
the  footiDgs  under  the  columns  amounts  to 

231  (6  X  75  +  60}  =  117,810  pounds 
and  the  live  load  is 

231  (3  X  150  +  3  X  100  +  12}  =  176,022  pounds 
Therefore,  the  footing  must  be  designed  to  carry 

117,810  +  i^??  =  205,821  pounds  on  each  pier 

Now,  according  to  Art.  45,  the  safe  load  per  square  foot 
must  be  10  per  cent,  greater  than  5,000  pounds,  the  figure 
used  for  the  safe  load  per  square  foot  for  the  exterior  walls. 
Therefore,  the  safe  load  for  the  column  bearing  will  be 
5,500  pounds.  Dividing  205,821  by  5,500  gives  37.42  square 
feet,  say  37^  square  feet.  The  columns  in  the  end  walls 
since  they  carry  half  the  load  each  of  an  interior  column, 
have  each  half  the  area  of  footing. 

The  dimensions  of  the  front  and  back  wall  footings  are 
easily  obtained.  These  walls  are  curtain  avails,  that  is, 
they  carry  no  load  except  their  own  weight.  The  wall  con- 
tains 103i  cubic  feet  of  brickwork  for  each  foot  of  length. 
Taking  the  weight  of  brickwork  as  120  pounds  per  cubic 
foot,  the  weight  of  the  wall  per  lineal  foot  is  103i  X  120 
=  12,380  pounds.  Dividing  this  weight  by  the  safe  allowable 
bearing  of  the  soil,  or  5,000  pounds,  gives  2,48  feet,  or 
2  feet  6  inches  for  the  width  of  the  footing. 

49.  Besides  proportioning  footings,  there  is  another  con- 
sideration that  must  not  be  overlooked.  The  footing  must 
have  its  proper  location  under  the  wall  or  pier.  The  wall  or 
column  in  house  building  usually  bears  down  quite  evenly 
on  the  foundation;  that  is,  the  center  of  pressure  is  at,  or 
almost  at,  the  center  of  the  wall,  as  shown  by  the  arrow  a. 
Pig.  32  (a).  If  it  is  not  so  located,  it  is  usually  due  to 
heavy  wind  or  cantilever  loading  and  the  problem  is  left  to 
an  engineer.  Now,  it  is  necessary  that  this  tine  bisecting  the 
wall  should  cut  the  base  of  the  foundation  in  its  middle  third. 
That  is,  assume  that  the  base  of  the  foundation  /<f,  Fig.  32  (a) , 
is  divided  into  three  equal  parts,  /c,  cd,  and  de.     Now  the 


itizecoy  Google 


32  FOOTINGS  AND  FOUNDATIONS  §24 

line  a  must  cut  the  base  between  c  and  d.  If  it  does  not, 
the  foundation  is  liable  to  turn  as  shown  in  Fig.  32  (b) .  The 
center  line  of  the  bottom  of  the  foundations  is  shown  at  b. 
It  is  not  necessary  that  the  lines  a  and  b  coincide,  but  simply 
that  a  cut  between  c  and  d.     la  fact,  the  foundation  is  usually 


W 


W 


buitt  so  that  the  line  b  will  tie  outside  of  a.  This  has  a  tend- 
ency to  make  the  foundations  tip  the  wall  slightly  inwards, 
so  that  it  will  press  against  the  joists  and  hold  tight,  which 
is  better  than  if  the  wall  were  allowed  to  tip  outwards  and 
bulge  and  thereby  cause  the  ends  of  the  joists  to  slip  off 
their  bearings. 
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MATERIALS  AND  CONBTRUCTION 


8TONB    BUBBLE    FOUNDATION    WALI^ 

50.  Stone  foundation  waits  below  ground,  when  con- 
cealed from  outside  view,  are  usually  constructed  of  rough 
rubble,  as  shown  in  Fig.  33.  This  represents  an  elevation 
(n)  and  section  (d)  of  a  20-inch  rubble  stone  wall,  shown 


at  a,a,  10  feet  high,  with  footing  stones  d,  8  inches  thick, 
and  2  feet  8  inches  wide.  At  c  is  shown  a  drain  used  to 
keep  the  drainage  water  from  the  surface  of  the  wall. 

51-  Stone  foundation  walla  should  be  bonded  together, 
as  shown  in  Fig.  34,  where  a  shows  the  bond  stone,  or 
header.     All   stone   walls,  24  inches  or  less  in  thickness, 
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shonM  have  at  least  one  header  extending  through  the  wall, 

every  3  feet  of  height  and  every  4  feet  of  length.    If  the 

stone  wall  is  over  24  inches  thick,  there  should  be  at  least 

one  header   for  every 

6    superficial    feet    of 

wall  space,  running 

into  the  wall  at  least 

2  feet.    The  headers 

should  not  be  less  than 

P>o- "  18  inches  in  width  and 

8  inches  in  thickness,  and  should  be  good  flat  stones.    These 

headers  serve  to  bind  the  stones  together  in  the  walls,  and 

keep  the  foundation  from   splitting   apart  crosswise  when 

weight  is  placed  on  it. 

52.  All  wall  angles  should  he  well  tied  by  long  stones 
laid  alternately  in  the  wall,  as  shown  at  aa.  Fig.  35,  the  long 
angle  stones  tying  the  wall  at  that  point.  By  asing  these 
long  stones,  the  weight 

on  the  comers  of  the 
wall  is  more  equally 
distributed,  and  the 
wall  can  be  kept  plumb 
and  true. 

53.  Foundation 
stones  should  always 
be  laid  on  their  natural, 
or  quarry,  beds.  The 
tendency  to  splitting, 
or  cleavage,  in  a  stone 

is  with  the  grain  or  bed;  fio.  » 

so  when  the  stone  is  laid  on  its  original  bed,  the  weight  of 
the  material  placed  above  it  comes  against  the  grain  of  the 
stone.  No  stone  should  have  more  face  than  bed,  and  one 
side,  at  least,  of  each  stone  should  be  reasonably  flat.  Every 
stone  laid  should  be  well  bedded  in  mortar. 

B4.  The  usual  practice  among  masons  in  rough  walling 
is,  after  setting  the  larger  stones,  to  fill  the  interstices  with 
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spalls,  or  chips,  of  stone,  or  even  pebbles, '  more  or  less 
carefully  fitted,  and  put  in  dry;  then  to  dash  in  mortar, 
trusting  that  it  will  work  its  way  into  the  crevices.  It  does 
so  to  some  extent,  but  the  method  is  not  a  good  one.  A 
good,  conscientious  workman  will  place  no  stone,  even  the 
smallest  chip,  except  in  a  bed  of  mortar  prepared  to  receive 
it,  rubbing  it  well  in,  and  settling:  it  with  blows  of  the  trowel 
and  hammer,  so  that  all  the  stones  have  a  layer  of  mortar 
between  them. 

A  comoaon  practice  is  to  grout  the  walls  with  mortar  made 
so  thin  that  it  will  flow  into  the  spaces  between  the  stone. 

55.  For  good  work,  it  is  necessary  that  the  outside  of 
the  wall  (even  when  concealed  by  the  excavated  bank)  should 
be  carried  up  with  a  good  face,  and  the  joints  well  filled 
with  either  cement,  or  lime-and-cement  mortar.  If  this  is 
properly  done,  any  moisture  that  runs  out  from  the  bank  or 
descends  from  above,  so  as  to  flow  down  over  the  outer  face 
of  the  wall,  will  drip  off,  instead  of  running  into  the  joints. 

The  space  between  the  outside  of  the  foundation  and  the 
bank  of  the  excavation  should  be  filled  with  gravel  or  sand 
(preferably  the  former),  well 
packed  down.  Water  will 
then  soak  through  this  sand 
or  gravel  to  the  drain  below; 
this  method  makes  the  cellar 
drier  and  warmer,  and  keeps 
much  of  the  moisture  away 
from  the  foundation  walls. 


56.  A  very  faulty  con- 
struction sometimes  met  with 
is  that  in  which  a  portion  of  a 
ledge  of  rock  projects  into  the  *''°-  * 

foundation  wall,  and  the  foundation  is  built  partly  on  the  rock 
and  partly  on  the  footing  coarse.    This  Is  shown  in  Fig.  36, 
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a  being  the  footing  course;  d,  the  rock  projection  into  the 
foundation  wall;  c,  the  thin  wall  in  front  of  the  rock  to  bring 
the  foundation  to  the  thickness  required  in  the  plans;  and  d, 
the  wall  of  the  building  carried  up  to  its  full  height  and 
thickness,  and  resting  partly  on  the  thin  wall  c  and  partly  on 
the  ledge  of  rock  i. 

In  a  wall  so  built,  the  water  will  find  its  way  either  through 
the  imperceptible  seams  of  the  ledge  of  rock  i,  or  over  its 
top  into  the  body  of 
the  masonry,  keeping 
it  constantly  damp. 
Besides,  there  is  a 
serious  risk  that 
under  the  heavy 
weight  of  the  upper 
wall,  the  thin  lining 
built  up  against  the 
ledge^ — but  in  no  way 
bonded  to  it— will 
separate  from  it  and 
fall  away,  leaving  the 
superincumbent  ma- 
sonry most  insecurely 
supported  upon  the 
rock  alone.  There  is, 
besides,  the  certainty 
that  the  foundation 
wall,  built  partly  on 
unyielding  rock,  and 
partly  on  softer  soil, 
will  settle  unequally,  and  crack,  perhaps  injuring  the  masonry 
above  beyond  repair,  and,  at  least,  opening  an  inlet  for 
moisture. 

The  ledge  should  be  cut  away  so  as  to  leave  ample  space 
for  the  whole  thickness  of  the  foundation  walls  down  to  the 
footings,  with  sutlicient  space  between  the  wall  and  the 
ledge  of  rock  for  packing  gravel.  This  will  intercept 
the  water  and  carry  it  away  from  the  wall. 
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OPENINUS    HI   PODNDATION   WAJJL8 

57.  When  there  are  window  or  door  openings  in  a 
foundation  wall,  the  stones  under  the  opening  should  be 
laid  in  steps,  as  shown  at  a,6,c.  Fig.  37.  This  is  done  to 
spread  the  weight  evenly  under  the  windows.  When  there 
is  to  be  a  heavy  weight  on  the  foundation  wall,  the  window 
sill  should  be  made  just  the  length  of  the  opening  and  should 
not  project  into  the  wall.  This  allows  the  sill  to  move  if 
there  is  pressure  against  it,  and  thus  reduces  the  liability  of 
its  cracking.     This  style  of  sill  is  shown  at  d  and  is  called  a 

Blip  sill.  

TUICKMB8S    OF    WALLS 

58.  A  very  good  rule  to  fix  the  thiclcness  of  stone  foun- 
dation walls  is,  that  they  shall  be  at  least  S  inches  thicker 
than  the  wall  next  above  them,  for  a  depth  of  12  feet  below 
grade  or  curb  level;  and  they  should  be  increased  4  inches 
m  thickness  below  that  point,  for  every  additional  10  feet  or 

TABLE  I 

THICKNESS    OF    FOUNDATION    WALLS 


Dwellings,  Hotels,  Etc. 

Warehouses 

Height  of  BnUding 

Brick 

stone 

Brick 

Stone 

Inches 

laches 

Inches 

Inches 

Two  Stories     .... 

12  to  l6 

20 

i6 

20 

Three  stones  .... 

i6 

20 

20 

Four  stories     -    .    .    . 

20 

24 

24 

28 

Five  stories     .... 

34 

28 

24 

28 

Six  stories 

24 

28 

28 

32 

less  in  depth.  Thus,  if  the  first-story  walls  are  12  inches 
thick,  the  stone  foundation  walls  would  have  to  be  20  inches 
thick  for  12  feet  in  depth,  and  24  inches  thick  below  that 
point  for  10  feet  or  less.  Rubble-stone  foundation  walls  are 
seldom   made   lesa  than   18   inches   in   thickness-     A  wall 
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isary  to  carry  the  super- 
are  more  expensive  to 
constructed, 
in  all  the  large  cities  is 
Where    there    are    no 

s  a  guide. 


ATION  WALLS 

lB    WAUiS 

either  to  water  soaking 

!t  soil  underneath,  from 

which   water  rises    in 

the  walls  by  capillary 

attraction.      That  is, 

the  water  is  soaked  up 

by  the   stone  or  brick 

in  the  wall  as  it  would 

be  by  a  sponge.     This 

action  is  increased  by 

vertical    joints   in    the 

materials  of  which  the 

wall  is  made.     The  cU 

feet  of  capillary  attrac- 

rates  a  corner  in  a  stone 

>Ie  in  comers  than  in  a 

an  in  stone. 


it  by  capillary  attraction, 
water-table  is  frequently 
A  ^¥ater-tabte  is  a  belt 
s  of  the  full  width  of  the 
ir-table,  a  course  of  slate 
,  Fig.  39.  This  will  be 
table. 
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DAMP'PROOFINO   CELLAR   WALLS 

61.  Moisttire  can  be  prevented  from  entering  foundation 
walls  either  hy  the  application  of  cement  or  asphalt  to  the 
oatside  of  the  walls,  by  means  of  drainage,  or  by  building 
areas  around  the  foundation. 

If  only  surface  water  has  to  be  guarded  against,  cement  or 
asphalt  placed  on  the  outside  of  the  cellar  wall  is  usually 
found  sufficient.     It  is  often  specified  that  foundations  shall 
be  cemented  on  the  outside,  from  the  footing  to  the  base- 
boards  of    a  frame 
house,  or  to  the  stone 
water-table  of  a  brick 
bouse.     When  it  is  no't 
desired  that  the  cement 
should  show  above 
ground,   it   is   usually 
stopped  from   4   to   6 
inches  below  the  grade 
line. 

Boiling-hot  asphalt 
applied  to  the  outside 
of  a  wall  is  generally, 
considered  to  be  the 
most    lasting    and 

durable    of    all   coat-  ^""^ 

ings.  Its  color,  however,  does  not  harmonize  with  either 
brickwork  or  stonework,  hence  it  is  usually  put  on  below 
the  ground  level  or  on  the  inside  of  cellar  walls.  When 
asphalt  is  applied,  it  is  necessary  to  have  the  wall  built  as 
carefully  as  possible,  with  the  joints  well  pointed;  also,  the 
wall  must  be  thoroughly  dry  before  the  coating  is  applied. 
The  wall  should  have  at  least  two  coats  of  asphalt  carried 
down  to  the  bottom  of  the  footings. 

62.  Some  clay  soils,  though  sufficiently  solid  to  support 
the  walls  of  dwelling  houses,  still  retain  moisture  in  wet 
seasons  that  is  not  carried  away  into  the  earth,  but  rises  in 
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the  cellar,  keepins;  it 
almost   always   damp. 
Fig.  40  shows  a  method 
of  damp-proofing  a  cel- 
lar bottom  and   walls 
that   has   proved   suo 
cessful.     The  cellar  is 
first  prepared  by  laying^ 
3  or  4  inches  of  sand, 
shown  at  a,  which  is 
to  be  rolled  down  firm 
and  even.    Around  the 
cellar    walls,    shallow 
gutters  6  are  made  in 
the  sand,  and  a  coating 
of  cement  c,   li  to  2 
inches   thick,  is   laid 
over  the  whole  surface 
of  the  cellar,  with  due 
care  that  sufficient 
slope  is  given  to  carry 
the  water  to  the  drain. 
When  the  cement  is 
thoroughly  dry,  it  is 
given  a  coat  of  as- 
phalt,   shown    at  d, 
over  the  entire  sur- 
face of  the  floor,  and 
through  the  walls  at  ^, 
then  up  the  outside  of 
the  wall  at  /,  to  the 
earth  line  or  just  be- 
low it. 

Another  method  of 

securing  a  dry  cellar 

is  shown  in  Fig.  41. 

The  cellar  bottom  is 

Fio.  u  leveled  up  smooth 
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an^  even,  spread  with  sand,  as  shown  at  a,  to  the  depth  of 
4  or  5  inches,  and  well  packed  with  a  rammer  to  make  it  firm 
and  hard.  It  is  better  to  have  the  sand  damp,  as  it  packs 
better.  On  top  of  this,  the  whole  surface  is  covered  with 
1 J  inches  of  Rosendale  or  Portland  cement  b,  which  is  carried 
well  against  the  walls.  The  outside  of  the  walls  is  then  coated 
1  inch  thick  with  cement  c,  which  is  carried  up  to  the  ground 
line.  When  this  is  dry,  the  cellar  bottom  and  walls  inside 
and  outside,  are  covered  with  hot  asphalt,  as  shown  at  e.  A 
pavement  of  good,  even,  hard-burned,  brick,  dipped  in  asphalt, 
is  then  laid  over  the  entire  cellar  as  shown  at  d. 

63.  When  the  cellar  floor  is  only  moderately  damp,'  and 
there  is  no  additional 
moisture  after  rains,  a 
good  bottom  may  be 
prepared  by  covering 
the  cellar  bottom  with 
mortar  composed  of  six 
parts  of  sand,  and  one 
part  each  of  cement  and 
lime.  On  this  are  laid 
6"  X  6"  sleepers,  prefer- 
ably of  locust,  and  tlie 
spaces  between  the 
sleepers  are  filled  in  with 
concrete.  Oh  this  the 
wooden  flooring  is  laid. 


BDBSOII.    DRAINS 

64.  A  simple  method 
of  excluding  moisture 
from  cellars  is  shown  in 
Fig.  42.  The  excava- 
tion a    is   made   wider 

than    the    building,    so  ^'°' " 

that  there  will  be  about  1  foot  of  space  left  between  the 
bank   and  the  foundation   wall.     A  tile  drain,   shown  at  c 
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should  be  placed  at  the  bottom  of  this  trench  and  con- 
nected with  a  horizontal  drain,  emptying  either  into  a  cess- 
pool or  a  sewer.  The  trench  a  should  then  be  filled  with 
loose  stone,  coarse  gravel,  and  sand.  If  the  top,  for  about 
2  or  3  feet  from  the  building,  is  then  covered  with  stone 
flagging  or  cement  d,  it  will  assist  greatly  in  keeping  the 
walls  dry.  If  the  soil  around  the  building  is  drained  in  this 
way,  and  the  wall  is  coated  with  asphalt  as  shown  aXee,  &  per- 
fectly dry  wall  can  be  obtained.  The  asphalt  should  be 
carried  down  to  the  bottom  of  the  footings,  as  at  /,  and  through 
the  wall  to  the  tinder  side  of  the  cellar  floor,  as  seen  at  g. 

65.  A  durable  composition  for  a  cellar  bottom  is  made 
of  six  parts  of  asphalt,  one  part  of  coal  tar,  and  three  parts 
of  sand.  It  should  be  used  while  hot.  Cement  and  asphalt 
in  equal  parts  are  also  used  and  found  durable  for  cellar 
bottoms.  The  ingredients  should  be  placed  over  a  fire  in  a 
large  pan  or  boiler  and  thoroughly  mixed,  after  which  the 
composition  should  be  spread  over  the  surface. 

66.  One  of  the  dangers  that  may  be  encountered  during 
excavation  is  the  presence  of  a  clay  bank  between  limestone, 
sandstone,  or  sand  beds.  These  beds  being  water-tight,  that 
is,  not  permitting  rain  water  to  penetrate  their  thickness, 
currents,  or  sheets,  of  water  flow  over  them,  which  may 
cause  great  damage  to  the  foundations,  especially  if  this  clay 
bank,  or  stratum,  abats  against  the  foundation  walls.  Rain 
that  will  easily  penetrate  the  gravel  or  loam  above,  or  perco- 
late through  crevices  of  the  rock,  will  be  arrested  by  this  clay 
bank;  little  by  little  it  will  form  cavities  and  produce  a  con- 
cealed current.  If  the  cellar  wall  extends  below  this  current, 
the  water  will  penetrate  it  and  fill  the  cellar. 

In  this  case,  it  will  be  necessary  to  turn  aside  this  sheet 
of  water  by  means  of  a  drain,  as  shown  in  Fig.  43  {a). 
Here  ab  is  the  gravel,  sand,  or  loam  bed  that  water  can 
penetrate;  cd,  the  clay  bed  on  top  of  which  water  collects  after 
every  rain  storm,  which  would  be  stopped  by  the  foundation 
of  the  cellar  e,  and  would  soon  penetrate  it;  /  is  the  transverse 
drain  with  openings  upwards  to  receive  the  water,  thus 
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leavins  the  wall  e  dry.     Fig.  43  (3)  shows  a  view  of  part  of 
the  inteicepting  drain;  a,  a  are  opemngs  for  the  water  to  enter. 


67.  If  foundations  are  laid  in  open  clay,  another  diffi- 
culty is  often  encountered  and  must  be  guarded  against. 
Clay  banks  may  slip,  when  their  slopes  present  such  a  sec- 


Pio.  u 

tion  as  shown  in  Fig.  44.  where  a  a  shows  the  rock  bed  under 
the  clay  bank,  or  stratum,  b,  and  c  is  the  gravel  or  loam  on 
top  of  the  clay.     The  rain  water   accumulating  above  wilt 
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pass  at  e  under  this  bank,  and  if  the  rain  continues  long  it 
will  form  .from  ff  to  c  a 
thick,  soapy  t>ed  so  that 
the  clay  bank  may  slip  by- 
its  own  weight,  especially 
if  that  weight  is  increased 
by  that  of  the  building  rf. 

This  danger  may  be 
averted  by  building  the 
drain  /  at  the  upper  end  of 
the  clay  bank  ce,  to  inter- 
cept the  water  running  be- 
tween the  clay  bant  and  the 
ledge  of  rock.  It  would  be 
well  also  to  extend  the  foun- 
dation wall  at  d  down  to  the 
rock,  thus  presenting  a  solid 
Pia.«  face  to  the  pressure  of  the 

clay  bank,  and  preventing  absolutely  the  upheaval  of  the 

cellar  floor  and  bulging 

of  the  wall  d.    Another 

drain  must  be  placed  at 

g,  to  intercept  the  water 

flowing  through  the  upper 

strata  of  soil  and  keep  the 

foundation  walls  dry. 


68.  Fig.  45  shows 
one  term  of  area  used  for 
keeping  cellar  walls  dry. 
The  area  wall  is  arched 
to  meet  the  building  wall, 

as  shown  in  the  figure.  ^'=" 

Any  water  from   the  eaves  of  the  roof  is  thus  prevented 
from  soaking  into  the  ground  near  the  cellar.     This  style 
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by  continued  moisture.  The  beds  between  the  stones  are 
generally  made  horizontal.  However,  when  the  face  of  the 
wall  is  battered,  the  stones  are  sometimes  laid  with  the  beds 
perpendicular  to  tbis/face,  which  makes  a  stronger  wall.  It 
is  necessary,  therefore,  in  such  a  case  that  the  joints  should 
be  very  well  pointed,  otherwise  rain  will  penetrate  through  to 
the  back  of  the  wall,  moistening  the  back  filling,  and  subject- 
ing it,  as  well  as  the  masonry,  to  the  action  of  frost.  On  the 
whole,  the  safest  way  is  to  make  the  bed  joints  horizontal. 

4.  It  is  customary  to  build  the  walls  with  plumb-sides  if 
they  are  not  too  high.  A  24-inch  stone  wall  may  be  safely 
built  to  a  height  of  5  feet  without  any  danger  of  being  tipped 


over  by  the  pressure  of  the  earth  back  of  it.  In  building  an 
area  wall  higher  than  5  feet,  however,  it  is  customary  to  put 
a  batter  of  about  2  inches  to  the  foot  on  the  outside,  as  shown 
in  Fig.  1.  When  an  area  wall  is  longer  than,  say,  10  feet,  it 
may  be  braced  by  arches  that  spring  from  the  main  wall  of 
the  building  at  intervals,  as  shown  in  Fig.  2.  This  bracing 
is  not  necessary  unless  there  is  a  liability  of  the  wall  over- 
turning by  not  being  of  sufficient  thickness. 
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5.  Coplug  for  Area  Walls. — In  tintshins  an  area  wall, 
or,  in  fact,  any  stonework  or  brickwork  where  there  is  no 
artificial  covering,  it  is  always  best  to  cap  the  wall  with  a 
stooe  or  tile  slab  that  is  as  wide  as,  or  a  trifle  wider  than, 
the  wall  itself.  This  will  insure  that  the  least  amount  of 
injury  will  be  done  by  water  soaking  down  into  the  wall 
through  the  joints  on  the  top.  This  top  cover,  or  cap,  on 
the  wall  is  called  the  coplug. 

Stone  coping  is  usually  made  of  bluestone,  granite,  or 
some  stone  that  will  not  readily  absorb  moisture.  In  cheap 
work,  the  coping  on  a  wall  is  sometimes  dispensed  with,  the 
top  of  the  wall  being  coated  with  about  1  inch  of  Portland 
cement  mortar  instead. 

6.  Area  Pavement. — Whether  or  not  an  area  shonld  be 
paved  depends  entirely  on  circumstances.  If  there  is  any 
danger  of  water  rising  up  through  the  ground  into  the  area, 
it  should  be  both  drained  and  paved.  When  an  area  is 
paved,  it  is  necessary  to  provide  some  means  of  draining 
away  the  rain  water.  This  is  usually  done  by  means  of  a 
gutter  and  catch  basin,  which  should  be  connected  to  a  sewer 
or  a  leaching  cesspool,  as  circumstances  permit. 

7.  Wlndo^v  and  Entrance  Areas. — Window  areas 
should  be  large  enough  to  admit  plenty  of  light  into  the 


cellar.  This  fact  should  always  be  borne  in  mind,  because, 
if  care  is  not  exercised,  there  is  danger  of  designing  the 
window  areas  too  small. 

Window  areas  are  often  made  rectangular  with  side  walls, 
which  assist  in  bracing  the  area  wall,  but  it  is  generally 
band  more  economical  and  more  convenient  to  build  them 
semicircular,  as  shown  in  Pig.  3.  At  a  is  shown  the  founda- 
tion wait  of  the  building;    at  t,  the  window  and   window 
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opeoing  through  the  wall;  at  c,  the  area;  and  at  d,  the  semi- 
circular area  wall,  in  this  case  an  8-inch  brick  wall.  When 
the  area  is  3  or  4  feet  deep  and  the  same  in  length  and 
width,  the  brick  wall  should  be  at  least  12  inches  thick,  and 
if  a  stone  wall  is  built,  it  should  be  18  inches  thick. 

8.  Drainafre  of  Areas. — Areas  should  be  drained  in 
order  to  dispose  of  rain  water  and  melted  snow.  To  do  this 
effectually,  the  bottom  of  the  area  should  be  made  of  cement 
mortar,  laid  in  the  proportion  of  one  part  of  cement  to  one  part 
of  sand,  or  of  stone  flagging,  or  even  of  brick  laid  in  cement, 
and  should  be  carried  about  6  inches  below  the  window  sill. 

If  the  area  is  a  large  one,  a  small  cesspool  or  sand  trap, 
about  12  inches  square,  with  4i-inch  brick  walls  laid  in  cement 
mortar  should  be  built  and  connected  by  a  drain  pipe  to  the 
main  drain.  All  open  well  holes  and  light  shafts  should  have 
similar  traps  and  drain  pipes. 

9.  An  arrangement  for  draining  an  outside  area  is  shown 
in  Fig.  4.     At  a  is  shown  a  cast-iron  strainer,  which  sets 


over  the  cesspool  to  prevent  rubbish,  dead  lea%'es,  etc.  from 
being  washed  into  the  trap  and  clogging  up  the  drain  pipe; 
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this  strainer  can  be  lifted  out  to  remove  refuse  from  the  cess* 
pool  when  necessary.  At  b,  the  drain  pipe  leaves  the  cess- 
pool to  connect  with  the  main  drain  or  sewer.  At  c  is  the 
S-inch  brick  cesspool  wall;  the  stone,  brick,  or  cement  area 
pavement  is  shown  at  d;  while  at  e  are  shown  the  brick  risers 
of  the  area  steps.  At  /  are  the  stone  treads;  at  g,  the  stone 
copiog  of  the  area  walls;  h  is  the  pavement;  and  k,  the  stone 
sill  of  the  door  openinir  into  the  area. 

10.  Area  StepB. — Area  steps  should  be  laid  in  cement 
mortar,  no  lime  being  used.  These  steps  should  be  built 
either  of  stone  or  of  a  combination  of  brick  and  stone.  Con- 
crete steps  will  likely  become  slippery  if  too  much  cement  is 
used  in  making  them,  and  are  liable  to  wear  away  if  too  little 
cement  is  employed.  However,  concrete  steps  may  be  built 
SDccessfully  if  care  is  taken  with  the  work.  Being  monolithic 
(in  one  piece),  they  are  more  liable  to  crack  than  steps  made 
oC  separate  parts.  To  prevent  this  uncertain  cracking,  concrete 
steps  are  often  built  with  planes  of  least  resistance;  that  is,  cer- 
taio  sections  are  made  weaker  than  others  by  laying  in  the  mass 
sheets  of  tar  paper  or  other  non-porous  material.  Then,  if  the 
steps  do  crack,  they  will  part  ^t  these  sheets  of  paper,  which 
are  so  placed  that  the  crack  will  appear  at  the  angle  between 
the  riser  and  the  tread — a  place  where  it  will  hardly  be  noticed. 
If  the  ground  is  soft  or  if  the  area  is  deep,  the  steps 
shoald  have  a  wall  on  each  side  of  them.  The  treads  of  the 
steps  should  be  set  in  this  wall  at  each  end,  in  order  not  to 
have  a  bearing  in  the  middle.  If  the  risers  do  not  rest  on 
the  treads,  they  should  also  be  set  in  the  wall.  These  side 
walls  should  go  down  into  the  ground  below  the  frost  line, 
so  as  not  to  heave  up  and  displace  the  steps. 

If  the  ground  is  composed  of  compact  gravel  and  there  is 
DO  liability  of  water  or  frost  affecting  it,  the  steps  may  be 
cDt  directly  out  of  the  soil.  The  risers  in  this  case  are  gen- 
eral]; made  of  two  courses  of  brick,  and  the  treads  are  made 
of  3-inch  flags,  as  shown  in  Pig.  4. 

H.  On  the  whole,  stone  steps  are  the  most  satisfactory 
for  areaways,  especially  when  the  ground  is  soft  or  the  area 
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deep.  There  are  two  kinds  of  steps  that  may  be  used,  either 
solid  stone  or  2-  or  3-inch  flags.  The  solid  steps  are  the 
stronger,  but  are  also  more  expensive.  Each  block  of  the 
solid  steps  should  be  laid  so  as  to  lap  from  li  to  2i  inches 
over  the  step  below  it,  as  shown  in  Pig.  5  (a).  There  are 
two  ways  of  making  steps  of  flags,  as  shown  in  Pig.  5  W 
and  (c).  The  metbod  shown  at  (6)  has  the  advantage  that 
the  risers  are  not  so  likely  to  be  shoved  out  of  place  by  the 
movement  of  the  earth  behind  them,  due  to  rain  or  frost, 
while  the  style  shown  at  (c)  possesses  the  advantages  of 


having  no  vertical  joints  in  which  water  may  penetrate  and 
of  having  the  load  partly  transferred  from  one  step  to 
another.  When  flag  steps  are  more  than<5  feet  wide,  they  may 
be  supported  in  the  middle  by  a  stone  or  concrete  dwarf  wall. 

13.  Plank  steps  supported  on  plank  string  pieces  are  used 
in  many  localities;  also  iron  stringers  with  plank  treads.  The 
ground  should  be  excavated,  and  the  area  walled  up  under 
them.  When  the  plank  treads  decay  or  are  worn  out,  it  is  a 
matter  of  small  expense  to  replace  them.  The  steps  should 
finish  on  a  platform  made  of  cement,  flagging,  or  brick. 

In  order  to  shed  water  properly,  steps  of  stone,  wood,  or 
any  material  should  always  slope  from  the  rear  to  the  front, 
the  pitch  being  from  i  to  -^g  inch,  according  to  the  width  of 
the  treads.  

VAULTS 
13.  Bldewalk  Yaalts. — In  large  cities  where  land  is 
expensive,  it  is  sometimes  necessary,  when  building  on  a 
small  lot,  to  use  ail  the  available  space.  For  this  reason,  the 
cellar  is  often  extended  to  the  curb  line  and  a  retaining  wall 
is  built  to  sustain  the  adjacent  soil.  This  extra  space  is 
called  a  sidewalk  vault. 
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14.  Bnlldlng  Iiaws  Regardlug  Vaults. — In  regard 
to  sidewalk  vaults  and  areas,  the  New  York  building  laws 
read  as  follows: 

Id  bnildiags  where  the  space  under  the  sidewalk  is  utilized,  a 
tnfijcieDt  stone  or  brick  waH,  or  brick  arches  between  iron  or  steel 
beams,  shall  be  built  to  retain  the  roadway  of  the  street,  and  the 
lide,  eed,  or  party  walls  oC  such  buildings  shall  extend  under  the 
sidewalk,  of  sufhcient  thickness,  to  such  wall.  The  roofs  of  all  vaults 
staalt  be  of  incombustible  material.  Opening  in  the  roofs  of  vaults 
lor  the  admission  of  coal  or  light,  or  for  manholes,  or  for  any  other 
purposes,  if  placed  outside  the  area  line,  shall  be  covered  with  glass 
set  io  iron  frames,  each  glass  to  measure  not  more  than  16  square 
incfaea,  or  with   iron  covers  having   a  rough  surface,   and   rabbeted 


flush  with  the  sidewalk.  When  any  such  cover  Is  placed  in  any 
sidewalk,  it  shall  be  placed  as  near  as  practicable  to  the  outside  line 
lA  tbe  curb.    All  vaults  shall  be  thoroughly  ventilated. 

All  areas  shall   t>e  properly  protected  with  suitable  railings,  or 
covered  over. 
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When  areas  are  covered  over,  iron,  or  iron  and  glass  combined, 
■tone,  or  other  incombustible  materials  shall  be  used,  and  supported 
OD  bricic  or  stone  walls,  or  on  iron  or  steel  beams. 

15.  Tault  Constmctlon. — A  method  of  construction 
in  use  where  partition  walls  can  be  placed  in  the  sidewalk 
vaults  is  shown  in  Fig.  6.  The  partition  walls  a  are  spaced 
about  every  10  feet,  and  are  usually  12  inches  thick.  The 
outer  or  street  wall  is  shown  at  b.  It  is  built  in  the  form  of 
an  arch,  of  hard  brick  laid  in  cement  mortar.  These  arches 
are  usually  about  16  inches  thick,  and  the  rise,  or  height  of 
the  arch  above  the  springing  line,  is  one-sixth  of  the  span. 

16.  When  it  is  desired  to  have  the  vault  unobstructed 
by  partitions,  each  sidewalk  slab  may  be  supported  by  an 
I-beam  column,  as  shown  in  Fig.  7.     In  this  method  of  con- 


struction,  the  iron  columns  a  support  the  outer  ends  of  the 
I  beams  b,  which  carry  the  stone  flag  or  concrete  pavement, 
shown  at  c.  The  space  between  the  I  beams  is  filled  with 
fireproof  blocks  d.  The  curbstone  is  shown  at  e;  when  blue- 
stone  or  granite  flags  are  used,  they  are  usually  carried  out 
to  the  gutter  line  and  projected  over  the  curbstone,  or,  if 
sufficiently  thick,  the  curbstone  is  omitted.  The  wall  between 
the  columns  is  indicated  at  /,  and  g  is  the  concrete  base  on 
which  the  columns  rest. 
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of  stone,  but  brick  is  often  used;  both  stone  and  brick  should 
always  be  laid  in  cement  mortar.  At  g  is  shown  the  floor  of 
the  vault,  usually  made  of  8  inches  of  concrete,  covered  with 
1  inch  of  Portland  cement  mortar,  made  in  the  proportion  of 

1  of  cement  to  1  of  sand;  h  h  show  the  footings  under  the  side- 
walk wall  and  under  the  iron  column  carrying  the  area  I  beam; 
and  /  shows  the  foundation  wall  of  the  building. 

18.  Sidewalk  vaults  may  be  arched  over  with  either  brick 
or  hollow  tile;  the  top  of  the  arch  is  leveled  off  with  sand, 
cinders,  or  concrete,  preferably  the  latter,  and  the  sidewalk  is 
laid  on  this;  or  a  sidewalk  made  of  large  stone  flags  may 
form  the  roof  of  the  vault.  The  best  stone  for  this  pur- 
pose is  bluestone  flag,  though  any  compact  limestone  will 
answer  the  purpose.  Granite  is  also  used,  but  wears  so 
smooth  as  to  be  objectionable  in  winter.  The  joints  of  the 
stone  are  closely  fitted,  and  often  rabbeted;  then  they  are 
calked   with   oakum,   which   is   forced   in,   to  within   about 

2  inches  of  the  top,  and  the  remaining  space  is  filled  with 
hot  asphalt  or  asphaltic  cement.  The  joints  will  require 
cleaning  out  and  refilling  every  few  years  if  they  are  to  be 
kept  water-tight. 

If  brick  or  terra-cotta  arches  are  used,  and  a  brick  pave- 
ment is  laid  on  them  in  sand,  the  top  of  the  arch  should  be 
coated  with  hot  asphalt. 

19.  Vaults  are  sometimes  extended  out  beyond  the  curb 
line,  under  the  street.  This  arrangement  does  not  differ  from 
that  shown  in  Fig,  8,  except  that  another  line  of  columns  and 
girders  is  placed  under  the  curb  line. 

Sidewalk  vaults  are  sometimes  carried  25  feet  below  the 
curb  lines,  and  have  two  stories  under  the  sidewalk,  but  the 
construction  does  not  differ  materially  from  that  already 
described.  In  most  of  the  large  cities,  special  permits  are 
required  for  vaults  of  this  character. 

20.  Calculatlngr  Stone  FlaK^lng  for  Vault  Covers. 
When  the  thickness  of  the  stone  flagging  and  the  distance 
between  the  supports  are  given,  the  breaking  load  for  a  slab 
12  inches  wide  can  be  calculated  by  the  following  formulas: 
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Let  d  =•  thickness  of  stone,  in  inches; 

/  «  distance  between  bearings,  in  feet; 
j4  =  coefficient  from  Table  I; 
W  =  breaking  load  at  center  of  span,  in  pounds; 
W  =  total  breaking  load  uniformly  distributed  over 
span,  in  pounds. 


Then, 


(1) 
(2) 


TABE.E  I 
TALUB    OF   COEFFICIENT  A 


Material 

Value  of  Coefficient  A 
Pounds 

3,300 
2,OO0 

r.soo 

1.392 

1.336 

840 

1,200 

r,i52 

960 

624 

528 

432 

300 

1.000 

720 

<8o 

240 

390 

360 

Glass 

Bluestone  flagging 

Marble,  white,  Italian 

Marble,  white,  Vermont 

Marble,  gray,  Vermont 

Granite,  Quincy,  Mass 

Freestone,  Little  Falls,  N.  Y.   .    .    . 
Freestone,  Belleville,  N.  J.    ,    .    .    . 

Freestone,  Connecticut 

Freestone,  Dorchester,  Mass.    .   .    . 

Freestone,  Hubeginy 

Freestone,  Caen,  Normandy  .... 

Brick,  pressed,  American 

Concrete,  Portland,  i  year  old  .    .    . 
Concrete,  Portland,  i  month  old  ■    . 

These  formulas  are  expressed  in  words  by  the  following 
rnle: 
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-Multiply  together  the  square  of  the  thickness,  expressed 
and  the  proper  coefficient  from  Table  I,  and  divide  by 
in  feet;  the  quotient  will  be  the  breaking  load  at  Ike 
a  slab  12  inches  wide;  and  the  quotient  multiplied  by 
'he  total  breaking  load  if  uniformly  distributed. 

>wab]e  load  should  not  exceed  one-tenth  of  the  break- 
The  second  formula  is  more  often  used  than  the  first. 
gives  the  value,  in  pounds,  of  A  in  the  foregoing 

llustration  of  the  use  of  the  formulas,  for  example, 
ranite,  6  inches  thick,  resting  on  supports  5  feet 
in  the  clear,  would  break  under  a  load,  restinf 
etween  the  supports,  equal  to 

W  =  l-^QO  X  fl'  ^  7  855  pounds 
5.0 
loot  in  width;  dividing  this  by  10,  to  get  the  safe 
e  have  7,855  -^  10  =  785.5  pounds.  When  the  load 
'  distributed  over  the  flagging,  it  will  safely  carry 
e=  1,571,0  pounds.  This  load  is  distributed  over 
foot  wide  and  5}  feet  long.  Therefore,  the  safe 
the  granite  wilt  carry  per  square  foot  is  1,571  -i-  5.6 
unds. 

RETAINING  WAJJLS 

ITien  a  wall  has  to  keep  in  place  a  filled-in  backing 
rock,  or  gravel,  it  is  called  a  retaining  Trail, 
retains  the  earth  in  its  place,  and  resists  its  natural 
to  cave  in.  Foundation  walls  also  act  as  retaining 
h  this  difference,  that  they  support  a  superstructure 
:ight  is  usually  found  sufficient  to  overcome  the 
the  earth  against  the  wall.  A  true  retaining  wall 
•elf,  and  also  must  have  strength  enough  to  resist 
ure  of  the  earth  behind  it.  Area  walls  are,  to  a 
itent,  retaining  walls;  but,  as  has  been  already 
ey  are  usually  braced  by  arches  or  cross-walls  from 
jation  wall,  and  hence  do  not  require  the  same 
as  a  retaining  wall  proper. 
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22.  The  walls  of  swimming  tanks  are  realljr  retammg 
walls.  When  the  tank  is  full,  the  pressure  of  the  water  in 
the  tank  is  practically  balanced  by  the  pressure  of  the  earth 
on  the  outside;  but  when  the  tank  is  empty,  the  pressure  of 
the  earth  on  the  outside  is  unbalanced  and  the  wall  is  a 
retaining  wall. 

23.  There  are  many  formulas  for  findine  the  strength  of 
retaining  walls,  but  they  all  assume  certain  facts  about  the 
earth  behind  the  wall — its  tendency  to  slide,  the  pressure  it 
exerts,  and  other  conditions  that  may  or  may  not  be  true. 
It  can  readily  be  seen  that  even  the  changes  in  the  weather 
will  have  a  great  effect  on  these  properties  of  the  earth  sup- 
ported, which  may  be  wet  or  dry,  soft  or  frozen.  Many  of 
the  formulas  take  no  account  of  these  changes.  It  seems 
leasoaable,  therefore,  that  a  retaining  wall  should  be  propor- 
tioDed  like  retaining  walls  that  have  been  actually  built  and 
found  to  be  efficient,  rather  than  be  designed  according  to 
a  theoretical  formula  that  is  known  to  give  results  that  are 
not  exact.  The  proportions  given  hereafter  are  therefore 
taken  from  actual  practice. 

24.  Stone  Retaining  Walls. — Pig.  9  shows  a  com- 
mon form  of  retaining  wall.  The  wall  is  sometimes  plumb 
on  the  outside,  but  is  often  built,  as  shown,  leaning  against 
the  bank  with  a  batter  on  the  outside  of  about  one  in  ten. 
Whether  the  wall  is  plumb  or  inclined,  the  joints  between 
the  stones  are  generally  made  horizontal  or  inclined  up  from 
the  face,  as  otherwise  water  running  down  the  face  would 
be  liable  to  penetrate  into  the  wall. 

The  wall  should  be  built  of  good  solid  stones  laid  on  their 
qnarry  beds  in  cement  mortar. 

The  wall  should  be  not  less  than  12  inches  thick  on  top, 
and  the  thickness  above  each  step  should  be  about  four-ninths 
the  distance  from  that  point  to  the  top.  Thus,  the  wall  at  c. 
Fig.  9,  is  12  inches  thick;  at  a„  above  the  step,  the  distance 
From  the  top  is  3  feet  and  the  wall  is  1  foot  4  inches  ( =  3  ft. 
X  i)  thick;  at  a,,  the  distance  from  the  top  is  6  feet  and  the 
wall  is  2  feet  8  inches  thick;  at  a,,  the  distance  from  the  top 
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is  9  feet  and  the  thickness  of  the  wall  is  four-ninths  of  9  feet, 
or  ,4  feet;  while  at  the  base  a.,  the  wall,  being  1 1  feet  3  inches 
high,  is  6  feet  thick.  At  b^b  are  shown  the  footings,  each 
course  being  made  as  a  rule  12  inches  thick,  and  each  course 
projecting  at  least  6  inches  beyond  the  course  above. 

The  stability  as 
well  as  the  appear- 
ance of  a  retaining 
wall  is  increased  by 
*  battering,  or  sloping, 

it  outwards.  This 
batter,  as  shown  at 
Ct  c,  is  usually  about 
1  inch  to  the  foot. 

25.  When  the 
ground  back  of  the 
wall  slopes  toward 
the  wall,  a  cement 
gutter  d  should  be 
formed  behind  the 
coping  and  connected 
with  a  drain  pipe  e, 
to  carry  off  surface 
water  that  would 
otherwise  run  down 
behind  the  wall  and 
affect  its  stability. 
Sometimes  a  Y  fitting 
is  placed  at  ^,  and 
connected  with  the 
pipe  from  the  gutter 
*■  as  shown,  to  take 

water  away  from  the  back  of  the  wall;  where  the  backing  of 
the  wall  is  gravel,  or  a  shelving  clay  bank  with  sand  on  top, 
this  precaution  is  necessary. 

26.    When  the  earth  is  terraced  or  banked  up  above  the 
wall,  as  shown  by  the  dotted  line  //,  additional  thickness  is 
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required.      It  is  generally  agreed  that  if  the  embanlcment 
is  one-third  the  height  of  the  wall,  the  wall  should  have  a 
thickness  at  each  step  equal  to  one-half  the  distance   from 
that  point  to  the  top,  '  Therefore,  the  wall  at  a,  would  be  3  feet 
thick;  at  a„  4  feet  6  inches  thick;  and  at  a.,  5  feet  7i  inches 
thick.     The    stability  of   a   retaining  wall   is  increased  by 
stepping  the  wall  on  the  back,  because  the  steps  bond  the 
wall  into  material  behind  it,  and  the  weight  of  the  soil  rest- 
ing on  the  steps  being  ^jb™ 
added  to  the  weight 
of  the  wall,  it  is  not 
so  likely  to  slide  out 
at  the  bottom. 

The  footings  should 
be  carried  well  below 
the  base  of  the  wall, 
to  insure  against  dis- 
placement from  frost 
or  settling.  It  is  also 
well  to  plaster  the 
back  of  the  wall  and 
the  top  of  the  steps 
with  cement,  to  a  s™*; 
depth  of  3  or  4  feet  ~^ 
from  the  top  of  the 
wall. 

27.    Relntorced- 
Concrete  Retain-  *  nu. « 

\ae  Walls.— Fig.  10  shows  a  retaining  wall  bnilt  of  concrete 
and  expanded  metal.  A  wall  of  this  kind  is  able  to  withstand 
considerable  pressure  from  the  earth  back  of  it  and  still  be 
quite  stable.  To  overturn  a  wall  built  in  this  manner,  it 
would  be  necessary  to  lift  the  filling  that  rests  on  the  part  a, 
as  the  wall  has  a  tendency  to  revolve  about  the  point  b.  It 
is,  therefore,  evident  that  although  the  wall  itself  may  be  quite 
light,  it  borrows  part  of  its  stability  from  its  backing,  and  for 
certain  classes  of  work  it  is  an  economical  design  to  use. 
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28.  Anchored  Retaining  Walls. — Id  Fig.  11  is  shown 
a  retainiDg  wail  equipped  with  land  ties.  These  ties  a  con- 
sist of  wrought-iroD  rods  1  inch  in  diameter,  which  are 
ancbored  through  the  cast-iron  plates  i.     The  rods  should 

pass  through  the 

>  plates  at  about  two- 

i  thirds  of  their  height 

I  from  the  top,  and  the 

\  anchor  plates  should 

-  be  placed  far  enough 

r  from  the  retaining 

;  wall  to  he  in  solid 

;  ground  that  is  not 

I  liable  to  slip.     Cast- 

/  iron  washers  c  are 

r  placed  under  the  nuts 

'  of  the  bolts,  as  other- 

^"^  "  wise  the  nuts  might 

pull  through  the  wall.     This  method  of  securing  a  retaining 

wall  cannot  be  recommended  very  highly,  as  the  rods  are 

liable  to  rust  through  and  allow  the  wall  to  overturn. 

29.  Relieving   Arches. — When    great    strength   is 


required    for   retaining    walls,   relieving    arches    are   used. 
Fig.  12  (a)  shows  a  section  through  a  retaining  wall  that  is 
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there  is  no  frost,  this  concrete  and  cement  may  be  omitted, 
and  the  pavement  may  simply  be  laid  on  the  sand  bed. 

33.  Stone  Sldew^alks. — A  stone  sidewalk  is  laid  the 
same  as  any  other  pavement,  but  owing  to  the  fact  that  it  is 
subjected  to  more  traffic,  it  should  be  built  more  substantial. 
The  flags  used  for  sidewalks  are  therefore  generally  3  or 
4  inches  thick.  It  is  always  best  if  possible  to  have  the 
stones  run  all  the  way  from  the  curb  to  the  building  line, 
but  for  wide  sidewalks  this  is  impracticable.  When  there  is 
danger  of  frost  getting  under  the  sidewalk  and  thus  causing 
it  to  heave,  the  flags  should  be  supported  at  the  ends  only, 
as  shown  in  Fig.  14.  A  12-inch  dwarf  wall  should  be  built 
at  the  curb  line,  as  shown  at  a,' and  carried  below  the  frost 
line.     The  curbstone  b  is  from  4  to  6  inches  thick,  and  is 


rabbeted  Into  the  dwarf  wall;  c  shows   the   gutter,  and  d  ■ 
the  stone  pavement,  which  is  supported  at  its  center  by  a 
dwarf  wall  e.     If  the  sidewalk  is  laid  in  two  courses,  or  if  it 
extends  to  the  building  line,  it  may  rest  on  a  brake  in  the 
foundation  wall  /,  as  shown. 

34.  Cement  Sidewalks. — The  method  of  laying  cement 
sidewalks  is  as  follows:  The  ground  should  be  leveled  off 
from  20  to  30  inches  below  the  finished  grade  of  the  walk, 
and  should  be  well  settled  by  ramming,  care  being  taken 
that  the  excavation  is  drained  to  one  point.  A  foundation 
from  about  16  to  20  inches  thick  should  then  be  laid,  com- 
posed of  coarse  gravel,  stone  chips,  sand,  coal  ashes,  or 
cinder,  well  tamped  or  rolled  with  a  heavy  roller.  An 
attempt  is  often  made  to  economize  on  this  foundation  by 
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making  it  only  5  or  6  inches  thick,  which  generally  has  the 
efEect  of  allowing  the  frost  to  penetrate  to  the  ground  and 
heave  up  the  pavement  in  spots. 

After  the  foundation  has  been  rolled,  the  concrete  should 
be  prepared  in  the  proportion  of  one  part  of  cement,  three 
parts  of  sand,  five  parts  of  broken  stone,  and  a  sufficient 
qaantity  of  water  to  make  a  stiff  mortar.  It  should  be 
thoroughly  mixed  and  worked  while  being  laid.  The  top, 
or  finishing,  coat  should  be  laid  immediately,  and  only  as 
icQch  concrete  should  be  laid  as  can  be  covered  with  cement 
on  the  same  day,  for  if  the  concrete  gets  dry  on  top,  the 
finishing  coat  will  not  adhere  to  it.  The  top  coat  should  be 
prepared  by  mising  one  part  of  the  best  Portland  cement 
with  two  parts  of  fine  sand  or  two  parts  of  clean,  sharp, 
CTUshed  granite  or  flint  rock. 

A  i-inch  space  should  be  left  between  the  curb  and  the 
pavement  and  between  the  building  line  and  the  pavement, 
to  allow  for  expansion  and  contraction.  This  space  should 
be  filled  with  cinders  or  ashes.  The  pavement  itself  should 
be  laid  off  into  blocks  6  feet  square  or  less.  These  blocks 
should  be  separated  from  one  another  by  sheets  of  tar  paper, 
vbich  should  extend  all  the  way  through  the  concrete.  It  is 
very  essential  that  grooves  be  made  with  a  trowel  in  the  top 
coat  directly  over  the  tar  paper,  so  that  if  the  concrete 
cracks,  it  will  be  sure  to  part  in  these  grooves  and  not  in 
the  body  of  the  pavement. 

35.  Hair  cracks  are  often  caused  by  the  mortar  in  the 
top  coat  being  too  rich  in  cement.  If  the  pavement  is  trow- 
eled too  much,  it  has  a  tendency  to  make  the  cement  float  to 
ibe  top,  which  is  as  liable  to  cause  hair  cracks  as  the  use  of 
too  much  cement.  If  the  top  coat  is  put  on  too  wet,  it  has 
the  same  effect. 

36.  In  many  cities,  the  law  requires  the  concrete  pave- 
ments to  be  finished  with  a  rough  surface.  Such  a  surface 
is  not  as  slippery  in  winter  as  a  smooth  finish,  and  also 
possesses  the  additional  advantages  that  it  is  easier  to  con- 
itnict  and  does  not  show  any  hair  cracks.     In  laying  such 


itizecoy  Google 


20  AREAS,  VAULTS,  RETAINING  WALLS       §25 

a  surface,  the  top  coat  is  leveled  with  a  straightedge  runnine 
on  battens,  one  set  on  each  side  of  the  walk.  The  battens 
are  arranged  so  that  the  walk  at  the  curb  will  be  lower  than 
at  the  building  wall.  (This  pitch  is  controlled  b^  city  ordi< 
nances,  and  is  usually  4  inches  in  10  feet  for  all  sidewalks.) 
The  pavement  is  then  left  until  it  has  almost  set,  before  it  is 
troweled.  It  should  be  troweled  as  little  as  possible  and 
with  a  wooden  trowel  instead  of  one  made  of  steel.  After 
troweling,  it  should  be  covered  with  straw  and  kept  moist 
for  at  least  a  week.  The  less  the  pavement  is  smoothed 
with  the  straightedge  or  trowel,  and  the  more  it  is  rammed 
instead,  the  better  it  will  be. 


Fig.  15  shows  a  section  of  a  concrete  pavement;  a  being: 
the  ashes  or  spalls;  b,  the  first  coat  of  concrete;  c,  the  finish- 
ing coat;  d,  the  street  paving;  and  e,  the  joints  with  tar  paper 
in  them. 

37.  Brick  Sidewalks. — In  constructing  brick  side- 
walks, good  hard  paving  bricks,  sound  and  square,  should  be 
used.  These  bricks  should  be  laid  flat,  herring-bone  fashion, 
on  a  bed  of  sand  that  is  from  4  to  6  inches  thick.  After  the 
bricks  are  laid  and  graded,  the  entire  surface  should  be  cov- 
ered with  sand,  which  is  swept  over  the  bricks  until  the 
joints  are  thoroughly  fllled.  If  extra  thickness  of  wearing 
surface  is  desired,  the  bricks  may  be  set  on  edge,  and  cov- 
ered with  sand  as  described. 
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UMB 

1.  Introduction. — An;  substance  that  is  plastic  at  one 
deeree  of  moisture  or  heat  and  tenacious  at  another  is.  in  a 
broad  sense,  a  cement.  However,  the  word  cement,  as  now 
used  in  building  construction,  means  more  particularly  a 
certain  one  of  the  many  varieties  made  from  a  mixture  of 
limestone  and  clay.  This  substance  has  the  peculiar  property 
of  iitting  (that  is,  g'ettinf  hard)  under  water.  For  this 
reason,  it  is  often  called  hydraulic  cement. 

2,  There  are  many  kinds  of  cementing  materials;  but 
those  principally  used  for  building  purposes  are  lime  and 
b;draulic  cements,  plaster  of  Paris,  and  Keene's  cement. 

3,  Uses  of  Lime  and  Cement. — Cement,  in  building 
CODStruction,  has  three  principal  uses:  first,  as  a  material  to 
hold  other  bodies  together;  second,  as  a  material  with  which 
locoat  parts  of  structures;  and  third,  as  a  building  material 
in  itself.  The  first  use  is  illustrated  by  the  mortar  in  the 
joiots  between  stone  or  brick;  the  second,  by  a  plastering 
material  to  coat  walls;  and  the  third,  by  concrete  footings, 
walls,  piers,  pavements,  etc. 

4.  UanufBctare  Of  Lime. — Lime  and  hydraulic  cement 
(which  hereafter  will  be  called  simply  cement)  are  two  sub- 
stances that  merge  into  each  other  so  gradually  that  any 
distinct  dividing  line  between  them  is  difficult  to  distinguish. 
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6.  Ume,  or  quicklime,  as  it  is  sometimes  called,  is 
made  from  calcium  carbonate,  which  is  the  chemical  name  for 
such  substances  as  marble,  limestone,  chalk,  and  sea  shells. 
The  material  used  to  make  commercial  lime  is  limestone. 
This  stone  is  heated  in  a  kiln  to  a  temperature  at  which  it 
gives  off  part  of  its  constituents  in  the  form  of  carbon-dioxide 
(carbonic-acid)  gas.  The  lime  is  then  ready  for  the  builder 
and  being  put  in  water,  it  elakes;  that  is,  crumbles  into  a 
powdery  mass.  Considerable  heat  is  given  out  during  the 
slaking.  The  slaked  lime  may  then  be  mixed  with  water  to 
form  a  paste,  after  which  sand  is  added  to  make  mortar. 

6.  Burnlngr  of  Lime. — The  best  limes  in  this  country 
are  wood-burned  limes;  that  is,  those  that  are  calcined,  or 
heated  in  a  kiln  by  burning  wood.  In  Europe,  on  account 
of  the  scarcity  of  wood,  the  custom  is  to  bum  lime  with  coal. 
Peat  also  has  been  used  with  success  in  places  where  it 
abounds. 

When  lime  is  burned  with  coal,  the  usual  method  is  to 
place  the  coal  in  direct  contact  with  the  lime.  When  wood 
is  used,  however,  it  is  burned  on  a  hearth  and  does  not  touch 
the  limestone.  This  manner  of  burning  insures  a  lime  that 
is  cleaner  and  more  free  from  sulphur  and  ashes  than  lime 
burned  with  coal. 

7.  If  lime  is  underburned,  it  will  not  slake  evenly  and 
there  will  be  some  hard  pieces  that  will  not  disintegrate  when 
water  is  added.  If  such  lime  is  used  in  any  work,  especially 
for  plastering  walls,  the  unslaked  particles  continue  to  dis- 
integrate after  being  incorporated  in  the  wall,  and  swell  or 
blow,  as  it  is  called,  throwing  out  bits  of  plaster  and  thus 
injuring  the  surface.  Overbumed  lime  also  slakes  slowly, 
and  for  that  reason  should  not  be  employed. 

S.  Properties  of  Lime. — If  lime  is  stored  away  for 
some  time,  especially  in  damp  weather,  it  will  become  air- 
slaked;  that  is,  it  will  slake  by  absorbing  moisture  from 
the  air.  If  the  lime  is  kept  in  barrels  for  any  length  of 
time  it  will  surely  burst  them,  for  it  swells  considerably 
when  slakmg. 
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Wheo  slaked  lime  is  mixed  with  sand  to  mi 
much  sand  should  be  used  as  the  lime  will 
injuring  its  adhesive  quality.  In  important  str 
great  strength  is  required  and  where  the  work 
hnrry,  lime  mortar  should  not  be  employed, 
fact  that  lime  shrinks  when  setting  and  lime  mi 
sets  slowly.  Another  reason  that  time  shouli 
for  important  work  is  that  its  setting  consis 
more  than  simply  drying  out.  The  outside  co 
somewhat  to  its  original  limestone  form,  due 
dioxide  absorbed  from  the  air,  but  the  inti 
always  remain  in  a  more  or  less  crumbly  ( 
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9.  Commercial  lime  may  be  divided  Into 
classes,  namely,  rich,  or  fat,  lime,  poor  lime, 
lime.  These  varieties  differ  from  one  another 
of  clay,  sand,  or  iron  they  contain. 

10.  Fat  Iilmie. — Fat  lime  IS  almost  pur 
calcium,  and  contains  only  about  5  per  cent. 
It  has  a  specific  gravity  of  2.3  and  a  great  afBi 
of  vhich  it  absorbs  about  one-quarter  of  its 
absorption  is  accompanied  by  a  great  rise  in 
which  is  caused  by  the  lime  bursting  and  by 
of  vapor.  The  lime  finally  crumbles  to  a  ] 
powder  occupies  from  two  and  one-half  to  thre 
times  the  bulk  of  the  original  lime,  the  exact  ai 
log  on  its  initial  purity.  When  the  lime  is 
■tate,  it  is  said  to  be  slaked.  It  is  then  unctuous 
touch,  and  from  this  peculiarity  derives  the  nami 

11.  Poor  Inline. — Poor  lime  consists  < 

90  per  cent,  of  pure  lime,  the  remainder  being  impurities, 
sach  as  sand  or  other  foreign  matter.  These  impurities 
have  no  chemical  action  on  the  lime,  but  simply  act  as 
adulterants.  Poor  lime  slakes  more  slowly  and  evolves  less 
Iwat  than  fat  lime.     The  resulting  paste  is  also  thinner  and 
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>  smooth,  strongly  resemblingf  fat  slaked  lime  mixed 
>and.  Poor  lime  is  not  so  good  for  building  purposes 
lime,  nor  has  if^uch  extensive  use. 

Hydraulic  Limes. — Hydraulic  limes  are  those 
antain  enough  quicklime  to  slake  when  water  is  added, 
nough  clay  or  sand  to  form  a  chemical  combination 
wet,  thus  giving  them  the  property  of  setting  under 

Iraulic  limes  are  made  from  limestone  containing  from 
3  per  cent,  of  clay  or  sand.  They  are  often  considered 
vided  into  three  classes,  namely,  ieebly  hydraulic, 
rily  hydraulic,  and  emiTienily  hydraulic,  in  proportion 
:  amount  of  clay  and  sand  present.  The  slakiae 
ies  of  this  lime  vary  from  slaking  in  a  few  minutes 
water  is  added,  in  the  feebly  hydraulic,  to  slaking  only 
many  hours  with  practically  no  evolution  of  heat  and 
it  cracking  or  powdering,  in  the  eminently  hydraulic. 
Ime  of  setting  under  water  varies  from  setting  as  hard 
p  in  20  months  with  the  feebly  hydraulic,-  to  becoming 
d  as  stone  in  3  or  4  days,  with  the  eminently  hydraulic, 
bonate  of  magnesia  is  present  in  the  lime,  it  reduces 
lergy  of  the  slaking  but  increases  the  rapidity  of  the 
I  and  the  ultimate  strength  when  set. 
hydraulic  limes  and  cements  should  be  put  in  place  on 
Drk  before  they  begin  to  set,  because  if  they  are  dis- 
I  during  the  process  of  hardening,  they  will  never 
their  full  strength. 

the  amount  of  clay  is  increased,  hydraulic  lime  grad- 
merges  into  hydraulic  cement,  so  that  it  is  difficult  to 
aine  whether  a  material  about  on  the  border  line  is  a 
ir  a  cement. 
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13.  Cements  may  \3e  divided  into  three  general  classes: 
Portland,  natural,  and  puzzolan  (also  called  pozzuolana). 
These  three  classes  of  cement  stand  in  relative  importance, 
in  the  order  named. 

14.  Portland  cements  are  defined  hy  the  commission 
appointed  from  the  Engineer  Corps  of  the  United  States 
Army  as  follows:  "Portland  cements  are  products  obtained 
from  the  heating  or  calcinating  up  to  incipient  fusion  of 
inlimate  mixtures,  either  natural  or  artificial,  of  argillaceous 
with  calcareous  substances,  the  calcined  product  to  contain 
at  least  1.7  times  as  much  of  lime  by  weight  as  of  the 
materials  which  give  the  lime  its  hydraulic  properties,  and 
to  be  finely  pulverized  after  said  calcinations,  etc." 

15.  Natnral  cement  is  generally  made  by  directly 
heating  a  natural  cement  rock  to  a  temperature  below  that 
required  for  Portland  cement. 

16.  Pnzzolan  cements,  according  to  the  Board  just 
mentioned,  are  "products  obtained  by  intimately  and  mechan- 
ically mixing,  without  subsequent  calcination,  powdered 
hydrates  of  lime  with  natural  or  artificial  materials,  etc." 

17.  The  difference  between  these  cements  may  be 
explained  as  follows:  Portland  cement  is  made  by  burning 
together  certain  proportions  of  such  substances  as  limestone 
and  ctay  and  grinding  the  resulting  cinder  to  a  powder. 
Natural  cement  is  made  by  burning,  and  afterwards  pulver- 
iziiif!,  a  stone  that  has  the  requisite  elements  to  make  it 
hydraulic.  Puzzolan  cement  is  a  mixture  of  powdered  sub* 
stances  that  have  hydraulic  properties  in  combination,  with- 
out being  burned  together.  Puzzolan  cement  is  not  used 
very  much  in  the  United  States. 


itizecoy  Google 


IBNT    ISDUSTRT    IN    TBB    DKITSD   BTATBS 

here  is  an  increasing  deroand  each  year  for  Amer- 
land  cement,  and  its  manufacture  has  assumed 
portions.  In  the  year  1880,  of  the  total  amount  of 
ed  in  the  United  States,  91.8  per  cent,  was  domestic 
er  cent,  was  imported.  Of  the  domestic  cement, 
xnt.  was  natural  and  1.9  per  cent.  Portland.     In 

1900,  12.4  per  cent,  of  the  cement  used  in  the 
ates  was  imported  and  the  balance,  87.6  per  cent., 
mestic  manufacture.  Of  the  domestic  cement,  the 
is  had  changed  to  43.5  per  cent,  of  natural  and 
cent,  of  Portland.  These  figures  show  a  large 
in  the  use  of  American  Portland  over  natural 
This  is  due  to  the  improvement  in  its  manufacture 
untry,  whereby  it  is  now  made  cheaper  and  better 
lerly. 

id  cements  that  are  employed  today  in  this  country 
more  through  prejudice  against  American  goods 
igh  superiority  of  quality. 

n  1880  and  1904  the  cement  industry  in  the  United 
esides  changing  the  character  of  the  product, 
wonderfully  in  extent.  In  the  year  1880,  the  total 
ion  of  cement  in  this  country  was  2,259,000  barrels; 
:he  consumption  had  increased  to  over  25,000,000 
.n  increase  of  over  1,000  per  cent.     No  accurate 

the  cement  industry  are  available  since  the  latter 
it  is  safe  to  say  that  more  cement  is  used  today 

before.  This  increase  is  due  to  two  reasons:  first, 
h  of  the  population,  which  demands  more  bnildings, 
lecond,  the  perfection  in  the  manufacture  of  cement, 
ngs  it  financially  iuto  direct  competition  with  steel 
nry  for  building  purposes. 

HANDFACTURB    OP    CBHBNT 

■  o  r  1 1  a  n  d  Cement. — Portland  cement  consists 
[  from  68  to  65  per  cent,  of  lime  mixed  with  clay; 
:erials  are  burned  together,  producing  a  mass  called 
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a  clinker.     This  clinker  is  ground  to  powder  and  is  thea 
ready  for  nse. 

A  fevr  years  ago,  the  imported  cements  were  better  than 
any  American  cements  on  the  market;  but  now  the  best 
American  Portland  cements  prodaced  are  as  good  or  even 
better  than  the  best  imported  ones  and  also  cost  less. 
Portland  cement  is  heavier,  slower  setting,  and  stronger 
than  natural  cement. 

20.  The  so-called  calcined  elaer  cements  are  now 
classed,  by  most  authorities,  as  Portland  cement.  Calcined 
slag  cements  are  made  of  lime  and  slag,  but  are  calcined  by 
the  same  process  as  Portland  cement.  There  is  also  a  slag 
cement  made  without  being  calcined.  This,  of  course,  is 
classed  as  puzzolan. 

21.  SlUca,  or  Sand,  Cement. — Silica,  or  sand,  cement 
is  made  by  grinding  together  silica,  or  sand,  and  Portland 
cement.  The  sand  acts  as  an  adulterant,  bnt  on  account  of 
the  extra-fine  grinding  of  the  cement,  which  enables  it  to 
cover  more  surface  per  unit  of  weight,  this  silica,  or  sand, 
cement  is  sometimes  as  strong  as  Portland  cement.  For 
the  same  richness  of  mixture,  the  mortar  made  -from  this 
kind  of  cement  is  more  dense  than  that  made  from  ordinary 
Portland  cement. 

22.  Natnral  Cement. — A  large  portion  of  the  natural 
cement  produced  in  the  United  States  is  made  in  Rosendale, 
Ulster  Coutity,  New  York.  For  this  reason,  natural  cement 
is  sometimes  called  Rosendale  cement.  It  weighs  less 
than  Portland,  sets  more  quickly,  but  is  not  so  strong. 
Natnral  cement  contains  from  20  to  40  per  cent,  of  clay,  the 
remainder  being  mostly  carbonate  of  lime  with  a  little  car- 
bonate of  magnesia.  Boman  cement  is  a  natural  cement 
tfaat  is  manufactured  in  Europe.  Natural  cements  are  cheaper 
than  Portland  cement,  and  are  used  in  places  where  no  great 
strength  is  necessary,  or  for  the  purpose  of  economizing. 

23.  puzzolan  Cements. — Slag  cement,  a  mixture  of 
granulated  blast-furnace  slag  and  slaked  lime,  is  about  the 
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onl7  puzzolati  cement  found  Ja  the  American  markets. 
Puzzolan  cement  never  reaches  the  same  degree  of  hardness 
as  Portland  cemept,  but  is  tougher  and  not  quite  so  brittle. 
It  is  suitable  for  use  in  wet  places  and  will  not  endure  long 
dry  spells;  neither  will  it  stand  wear  or  attrition.  The 
original  puzzolan  was  made  from  a  stone  of  volcanic  origin, 
found  near  Mount  Vesuvius  in  Italy.  The  stone  was  ground 
and  mixed  with  staked  lime.  While  this  cement  is  still  used 
in  Italy,  very  little  of  it  is  imported  to  the  United  States. 

Another  puzzolan  cement  is  manufactured  from  an  earth 
called  trass,  which  is  also  of  volcanic  origin.  It  is  found  in 
Germany  and  Holland,  ■  A  sand  called  Arhies  is  also  used  to 
make  puzzolan  cement.  Brick  dust  mixed  with  common 
lime  will  also  make  a  feebly  hydraulic  cement.  Ag  has 
been  mentioned  before,  slag  cement  when  not  calcined  is 
classed  as  a  puzzolan  cement,  and  is  in  fact  the  most  impor- 
tant variety  in  this  class. 


PBOPBBTIZS    OF    CSHENT 

24.  The  various  kinds  of  cement  can  often  be  distin- 
guished by  their  color  and  from  the  affinity  that  they  have 
for  water.  Portland  cement  is  usually  gray  or  greenish 
gray.  A  bluish  tinge  indicates  that  it  contains  too  much 
lime,  while  a  brown  color  indicates  too  much  clay.  If  the 
cement  is  yellowish  in  color,  that  is  a  sign  that  it  is  under- 
burned.  Natural  cement  varies  in  shades  of  brown.  Slag 
cement  is  a  mouse  color. 

If  water  is  added,  drop  by  drop,  to  a  handful  of  Portland 
cement,  it  will  absorb  the  water  freely.  If  the  cement 
absorbs  the  water  slowly,  it  is,  if  dark,  a  low  grade  of  Port- 
land, and,  if  light,  a  puzzolan  slag  cement.  On  the  whole, 
the  detection  of  cements  is  a  matter  requiring  consid- 
erable experience,  for  the  foregoing  tests  are  only  true  in  a 
general  way. 

Portland  cement  weighs  about  375  pounds  per  barrel; 
natural  cement,  about  300  pounds;  and  slag  cement,  about 
340  pounds. 
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26.  Hatarln^  of  Cement. — When  cement  comes  from 
the  kiln,  it  sometimes  contains  free  lime.  If  this  cement  is 
employed  on  any  work,  the  lime  will  continue  to  slake  after 
the  cement  is  set,  which  will  cause  cracks  in  the  work. 
Therefore,  cement  should  be  seasoned,  that  is,  kept  for  some 
months  before  being  used.  This  will  give  time  for  any  free 
lime  to  air-slake  and  will  thus  avoid  subsequent  trouble. 

26.  Setting  of  Cement. — A  very  important  considera- 
tion is  the  time  required  for  cement  to  set.  This  depends  on 
a  great  many  conditions,  such  as  the  amount  of  water  added 
to  the  dry  cement,  the  temperature  of  the  atmosphere,  and 
various  other  things.  If  the  minimum  amount  of  water  is 
added,  Portland  cement  will  have  an  initial  set  in  2  or  3  hours 
and  a  bard  set  in  6  or  8  hours.  Natural  cement,  under  the 
same  conditions,  will  develop  an  initial  set  in  from  20  to 
30  minutes  and  a  hard  set  in  from  40  to  60  minutes. 

As  will  be  shown  by  figures  to  be  given  later,  cement  has 
a  tendency  to  get  stronger  and  stronger  for  some  time  after 
it  has  set.  It  is  a  noticeable  fact  that  cements  that  set  very 
rapidly  do  not  develop  so  much  additional  strength  after  the 
first  month  of  set  as  do  the  slower-setting  cements. 

That  cement  should  he  put  in  place  before  it  begins  to  set 
is  very  important.  Some  masons,  however,  have  an  idea 
that  if  they  let  the  cement  get  an  initial  set  and  then  add 
more  water  and  remix  it,  or  reUmper  it,  as  they  say,  a  greater 
final  strength  will  be  developed  than  if  used  the  proper  way. 
This  notion  has  been  proved  to  be  inctirrect,  and  the  practice 
should  never  be  followed. 

27.  Various  substances  may  be  mixed  with  cement  to 
make  it  set  slowly.  Among  these  is  sulphate  of  calcium 
(plaster  of  Paris).  A  small  addition  of  this  material  will 
delay  considerably  the  setting  of  cement.  When  cement  is 
mixed  with  sand,  it  sets  slower  than  does  the  neat  (pure) 
cement. 

Whether  or  not  cement  will  set  when  frozen  is  a  disputed 
question.  However,  it  remains  undisputed  that  cement  sets 
very  slowly  when  cold,  and  therefore,  if  placed  when  the 
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iture  is  below  freezing,  it  will  again  get  soft  in  a  few 
'ovided  a  thaw  comes.  Some  engineers  claim  that 
cement  will  not  set  at  all  when  frozen. 

Orlndlns  of  Cement. — The  clinker  that  comes 
e  cement  kiln  has  no  properties  of  setting,  and  will 
;tallize  when  wet  with  water  until  after  it  has  been 
That  the  clinkers  should  be  ground  into  impalpable 
.  so  that  all  portions  may  be  active,  is  therefore  very 
1.  The  customary  method  of  specifying  the  cement 
t  shall  not  leave  more  than  20  per  cent,  of  its  weight 
een  that  is  made  of  No.  40  wire,  Stubb's  wire  gauge, 

10.000  openings  per  square  inch. 
iking  cement  mortar,  enough  cement  should  be  used 
iletely  cover  each  grain  of  sand  that  is  employed. 
:r  the  cement  is  ground,  the  more  sand  it  will  cover. 

another  reason  for  thoroughly  pulverizing  cement. 

Contraction  of  Cement.  -When  cements  set  in  ' 
y  contract;  when  they  set  in  water,  they  expand. 
:ement  mortar  will  contract  more  than  one  contain- 
1.  At  the  end  of  12  weeks  the  contraction  of  cement 
r  more  than  .03  of  1  per  cent.  In  order  to  avoid 
Dn  account  of  the  contraction  of  cement  when  setting 
le  usual  custom  is  to  keep  the  work  moist  by  con- 
irinkling  or  by  covering  it  with  wet  straw.     In  this 

mass  can  be  made  to  set  with  but  little  contraction. 

Neat  cemen't  is  seldom  used  except  for  special 
s.  It  is  sometimes  used  as  a  waterproof  coat  for  a 
:  roof  or  in  similar  places.  Although  not  absolutely 
3of,  yet  it  is  much  more  so  than  sand-cement  mortar 
nt  concrete.  On  the  whole,  cement  is  almost  entirely 
xed  with  sand  or  with  sand  and  broken  stone. 

Strenf^h  of  Cement. — In  Table  I  are  given  some 

showing  the  tensile  strength  of  cement  and  cement 

These  values  are  not  exceptional,  but  are  those 

luld  be  obtained,  with  good  materials,  in  every-day 
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MISCELLANEOUS    CEMENTS 

32.  There  are  a  number  of  other  materials  used  in  archi- 
tecture that  can  be  classed  as  cements.  Many  of  these,  as 
pUster  of  Paris  and  Reene's  cement,  are  used  almost  exclu- 
sively in  plasterine  work,  and  will  therefore  be  treated  in 
another  Section. 

33.  Bituminous  Cement. — There  is  one  cement  of 
considerable  importance,  however,  that  should  be  mentioned 
here,    namely,    bituminous   cement.      It   is   made   from 

bitumen  and  sand  or  stone  dust.  The  bitumen  is  sometimes 
adulterated  with  coal  tar.  This  cement  has  two  important 
physical  properties,  being  both  waterproof  and  elastic. 

Bituminous  cement  is  largely  used  for  street  pavements, 
for  waterproofing  cellars,  and  for  covering  the  extrados  of 
arches,  the  tops  of  walls,  and  similar  places.  It  is  also  used 
for  the  foundations  of  small  machines  placed  in  the  top 
stories  of  tall  buildings  when  it  is  desired  'to  eliminate  all 
vibration.  The  cost  of  bituminous  cement,  however,  has 
somewhat  limited  its  use. 


CBMKMTS    FOR    SPECIAL    PURPOSES 

34.  Cements  for  Fastening  Ironworlc. — Fastening 
iron  rods  into  stone  may  be  accomplished  by  pouring  hot 
lead  or  hot  sulphur  around  the  rods  after  they  are  placed  in 
the  holes  drilled  in  the  stone  to  receive  them.  Neat  Portland 
cement  is  sometimes  used  for  this  purpose,  and  also  a  mix- 
ture of  equal  parts  of  sulphur  and  pitch. 

35.  Cements  for  Flreprootlng. — A  clay  known  as 
fireclay  is  extensively  used  to  withstand  high  temperatures. 
The  interior  walls  of  brick-lined  furnaces  are  often  laid  in 
fireclay  mortar.  In  many  instances,  the  bricks  are  omitted 
and  the  interior  is  plastered  to  the  required  thickness  with 
the  clay.  This  clay  does  not  set  in  the  sense  of  a  chemical 
reaction  taking  place,  but  simply  dries  out.  Fireclay  does 
not  possess  a  high  tensile  strength. 
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Another  cement  that  will  resist  great  extremes  of  heat  is 
made  from  at>bestos  powder  moistened  with  silicate  of  soda. 

UatiUter,  made  from  ground  quartz  and  fireclay,  is  also 
often  nsed  for  fireproof  purposes.  Parget,  made  of  lime, 
hair,  and  cow  dung,  was  used  formerly  for  house  flue  lining, 
though  DOW  not  much  employed. 


1,IHE  AND  CEMENT  MOBTARS 

36.  Band  Used  for  Mortar. — The  sand  used  in  making 
mortar  should  be  clean,  sharp,  and  free  from  chemical  salts. 
An;  loam  or  clay  in  the  sand  will  render  it  unfit  for  use 
with  cement.  Sand  may  be  tested  by  rubbing  it  between 
the  fingers.  If  the  sand  contains  much  loam,  the  fingers 
vill  become  stained;  but  if  they  do  not  become  soiled,  the 
sand  is  probably  clean.  If  squeezed  in  the  hand,  the  particles 
of  sand  should  fall  apart  when  the  fingers  are  opened. 

Sea  sand  does  not  make  a  good  sand  for  mortar,  for  two 
reasons.  In  the  first  place,  the  grains  are  round  from  being 
washed  over  one  another  by  the  action  of  the  sea.  This 
does  not  allow  the  cement  to  get  as  good  a  grip  on  the  sand 
as  if  the  grains  were  sharp  and  angular.  Another  objection 
lo  sea  sand  is  that  it  contains  salts  that  are  hydroscopic,  that 
is,  attract  moisture;  this  property  would  cause  the  mortar,  even 
after  becoming  set,  to  be  always  damp  and  discolored.  If 
sea  sand  must  be  used,  it  should  always  be  washed  free  from 
its  impurities  and  mineral  salts  before  mixing  in  the  mortar. 

37.  A  discussion  of  the  effect  of  the  size  of  the  grains 
of  sand  on  the  strength  of  mortar  made  by  A.  S.  Cooper, 
led  him  to  the  conclusion  that  mortars  become  stronger  as 
the  grains  of  sand  used  become  larger,  up  to  sand  that  passes 
through  a  No.  12  sieve.  In  order  to  make  good  mortar,  this 
size  sand  requires  more  cement  than  a  smaller- grained  sand. 
Thecustom,  therefore,  is  lo  specify  sand  that  will  pass  through 
a  No.  20  sieve  (wire  No.  28,  Stubb's  gauge)  and  will  be  caught 
by  a  No.  30  sieve  (wire  No.  30,  Stubb's  gauge).  By  a  No.  30 
sieve  is  meant  one  with  30  meshes  to  the  lineal  inch,  or  900 
meshes  to  the  square  inch. 
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Crashed  qnartz,  pulverized  bricic,  cinders,  furnace  sla^, 
and  scoriae  are  used  in  mailing  mortar  where  sand  is  scarce. 
The  general  opinion  is  that  these  substances  are  as  good,  if 
not  superior,  to  sand  for  mortar;  the  cost  of  pulverizing, 
however,  adds  to  the  expense,  so  that  they  are  seldom 
employed  when  good  sand  can  be  obtained. 


LIMB    MOKTAB 

38.  Sand  is  added  to  lime  or  cement  to  increase  the  bulk 
and  thus  cheapen  the  material.  It  also  has  the  additional 
advantage,  when  mixed  with  lime,  of  reducing  the  shrinkage 
that  occurs  while  setting.  Combined  with  cement,  sand 
makes  a  mortar  that  sets  slower  than  would  the  neat  cement. 

When  sand  and  lime  are  mixed  to  make  mortar,  there 
should  be  enough  lime  in  the  mixture  to  completely  cover 
each  grain  of  sand.  More  lime  than  this  causes  the  mortar 
to  shrink  excessively  on  drying.  Less  lime  than  the  amount 
mentioned  weakens  the  mortar.  The  correct  quantity  of 
lime  to  be  added  to  sand  to  get  the  desired  results  is 
variously  estimated  by  different  authorities.  Their  opinions 
vary  from  one  part  of  lime  to  two  and  one-half  of  sand  to 
one  part  of  lime  to  four  parts  of  sand.  The  New  York 
building  laws  require  that  one  part  of  lime  be  mixed  with 
three  parts  of  sand.  This  mixture,  as  a  rule,  will  be  found 
very  satisfactory. 

39.  For  mixing  lime  mortar,  a  bed  of  sand  is  made  in  a 
mortar  box,  and  the  lime  is  distributed  as  evenly  as  possible 
over  the  bed,  first  measuring  both  lime  and  sand  in  order 
that  the  proportions  specified  may  be  obtained.  The  lime 
should  then  be  slaked  by  pouring  on  water,  after  which  it 
should  be  covered  with  a  layer  of  sand  or,  preferably,  a 
tarpaulin,  to  retain  the  vapor  given  oS  while  the  lime  is 
slaking,  or  being  converted  into  hydrate  of  lime  by  the 
action  of  the  water.  Additional  sand  is  then  used,  if  neces- 
sary, until  the  mortar  contains  the  proper  proportions. 

Care  should  be  taken  to  add  just  the  proper  amount  of 
water  to  slake  the  lime  completely  to  a  paste.     If  too  much 
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water  is  added,  the  lime  becomes  too  wet  and  will  never 
attain  its  proper  strength.  If  too  little  water  is  used  at  first, 
and  more  is  added  during  the  process  of  slaking,  the  lime 
will  have  a  tendency  to  chill,  and  thereby  injure  its  proper- 
ties. Lime  mortar  made  in  large  quantities  and  left  standing 
in  piles  for  use  as  may  be  needed  is  considered  better 
practice  than  making  it  in  small  batches. 

40.  Usinfc  Lime  Hortar  In  Freezing  Weather. — Cold 
weather  has  two  effects  on  lime  mortar;  it  retards  the  setting 
and  expands  the  mortar.  The  retarding  of  the  setting  is  not 
detrimental,  provided  the  weather  remains  cold  for  a  long 
period.  The  expansion  of  the  mortar  due  to  freezing  is  not 
much  of  a  drawback  either,  because  the  ice  subsequently 
thaws  and  the  water  generally  evaporates  out  of  the  mortar 
before  setting  commences.  The  danger  is  when  the  weather 
is  cold  and  the  sun  shines  on  only  one  side  of  the  wall  and 
thus  thaws  the  mortar  on  that  side.  There  is  danger  then 
that  the  wall  will  settle  unevenly.  The  best  plan  is  to  never 
lay  mortar  during  freezing  weather  if  it  can  possibly  be 
avoided,  because  if  a  high  wall  were  being  built  and  the 
weather  suddenly  moderated,  and  thawed  the  mortar,  a  high 
wind  would  be  liable  to  topple  the  wall  over. 

41.  Advantage  of  I^lme  Hortar. — In  connection  with 
lime  mortar,  there  is  one  great  advantage  that  cement  mortar 
can  never  have.  That  is,  lime  mortar  has  a  certain  amount 
of  elasticity  or  give  to  it.  This  property  is  an  important 
point  in  favor  of  using  lime  mortar,  as  it  prevents  many 
cracks  in  the  structure  that  might  otherwise  occur. 


CBHBNT  MORTAR 

42.  Proportion  of  Materials. — The  same  thing  may 
be  said  in  regard  to  the  proportion  of  materials  for  cement 
mortar  as  was  said  about  lime  mortar;  the  cement  should  be 
in  the  correct  proportion  to  just  fill  the  voids  between  the 
{rains  of  sand.  If  more  cement  is  added,  the  cost  of  the 
mortar  is  increased;  and  if  less  cement  is  used,  th^  strength 
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of  the  mortar  is  decreased.  A  fact  to  be  remembered,  how- 
ever, is  that  in  either  lime  or  cement  mortar,  the  shrinkage 
caused  in  settine  is  not  in  the  sand,  but  in  the  interstices 
between  the  grains  of  sand.  Therefore,  the  more  sand  that 
a  mortar  has,  the  less  it  will  shrink  when  setting. 

43.  Frost  has  the  bad  effect  of  retarding  the  setting  of 
cement  mortar.  If  the  weather  remains  cold  long  enough 
for  the  water  in  the  mortar  to  evaporate,  there  may  not  be 
enough  moisture  left  for  the  chemical  reaction  of  setting 
when  the  mortar  gets  warmer.  On  the  other  hand,  if  wet 
mortar  begins  to  set  and  then  freezes,  the  ice  may  break  the 
set  and  ruin  the  work.  A  continuous  spell  of  cold  weather 
is  not  so  hard  on  cement  mortar  as  alternate  freezing  and 
thawing.  Portland  cement  is  less  effected  than  natural 
cement  by  a  freezing  temperature. 

In  laying  cement  in  freezing  weather,  one  or  more  of  the 
following  precautions  should  be  observed,  according  to  the 

TABLE  II 

TENSILE    8TRBNOTH    OF   PORTLAND   CBMENT   AMD   8AMD 

(Directory  of  American  Cement  Inditttriti) 


Cement 
Parts 

Saad 
Parts 

Pounds  per 
Square  Inch 

Cement 
Parts 

Sand 
Parts 

Pounds  per 
Square  Inch 

889- 

5. 

133 

805 

6 

121 

589 

7 

343 

8 

204 

9 

temperature  and  the  importance  of  the  work.  Use  a  quick- 
setting  cement.  Make  the  mortar  richer  in  cement  than  is 
customary.  Heat  the  building,  stone,  cement,  sand,  or  water, 
or  all  of  these,  as  circumstances  permit.  Make  the  mortar  as 
dry  as  possible.  Add  salt  to  the  water  to  lower  its  freezing 
point.  Cover  up  the  flnished  work  with  clean  straw,  or  a 
tarpaulin,  but  not  with  manure,  as  is  sometimes  done,  becaus9 
the  acids  in  the  manure  are  liable  to  injure  the  cement. 
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44.  Cement  mortar  is  made  in  various  proportions,  and 
the  kind  to  use  is  siroplj  a  question  of  picking  out  tbe 
cheapest  cement  mixture  that  will  answer  the  purposes 
best. 

Table  II  gives  the  tensile  strength  of  various  cement 
mixtures,  using  good  Portland  cement,  as  found  in  a  series 
of  tests  made  at  Holfoke  dam,  Massachusetts.  Tbe  samples 
were  allowed  to  set  in  water  for  28  days  before  testing. 
The  compressive  strength  is  generally  about  ten  times  the 
tensile  strength.  

SPECIAL  U8BB  AND  PREPARATIONS  OP  MORTAR 

45.  Cement  mortar  is  not  adhesive  until  it  begins  to  set. 
Therefore,  when  used  for  pointing  or  for  similar  purposes, 
making  it  stay  in  place  is  sonietimes  difficult.  A  small 
quantity  of  lime  added  to  the  mortar  will  give  it  this  property 
of  adhesion  and  also  cheapen  tbe  mortar.  A  substitution 
of  from  1  to  20  per  cent,  of  lime  proportionately  reduces  the 
cost  of  the  mortar,  while  the  strength  remains  practically 
the  same.  Above  this  point,  the  strength  decreases  rapidly. 
A  little  lime  added  to  cement  mortar  will  also  have  a 
tendency  to  prevent  freezing  in  cold  weather  and  also  makes 
it  more  waterproof. 

In  making  cement  mortar,  first  mix  the  sand  and  cement 
together  dry,  and  then  add  sufficient  water  to  reduce  it  to  a 
thick  paste. 

By  adding  a  small  amount  of  cement  to  a  lime  mortar,  the 
increase  in  strength  is  not  in  proportion  to  the  increase 
in  cost. 

A  lime-and-cement  mortar  sets  faster  than  Kme  mortar 
and  slower  than  cement  mortar. 


HORTAR   COLORS    AMD    STAINS 

46.  Artificial  coloring,  in  mortar,  has  been  known  for 
hundreds  of  years,  but  its  general  use  dates  from  a  com- 
paratively recent  period.  There  are  two  totally  different 
uchitectural  objects  aimed  at  in  using  colored  mortar;  one 
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get  the  effect  of  a  mass  of  color  by  concealing;  the 
,  the  other  is  to  use  a  contrasting  color  to  emphasize 
ints. 

nmon  bricks  lose  much  of  their  rough  effect  when 
r  of  the  same  color  as  the  brick  is  used,  and  the 
ad  or  uneven  edges  do  not  show  as  plainly  as  they  do 

the  bricks  are  laid  in  white  mortar. 

■  Most  of  the  mortar  colors  consist  of  mineral  pig- 
I,  sold  either  as  ^  dry  powder  or  in  the  form  of  a  pulp 
ste.  Pulp  colors  seem  to  mix  better  with  the  mortar 
dry  colors,  and  are  therefore  preferable  for  the  better 
of  work.    Mortar  colors,  whether  used  in  dry  or  pulp 

should  never  be  mixed  with  lime  until  the  lime  has 
slaked  at  least  24  hours,  '^'he  color,  however,  -should 
■s  be  mixed  very  thoroughly  with  the  lime  putty  before 
and  is  added;  if  the  work  is  of  a  very  fine  quality,  the 
;d  mortar  putty  should  be  strained  through  a  coarse 
When  cement  mortar  is  to  be  made,  the  color  is 
1  dry  with  the  cement  and  sand. 
e  colored  mortar  looks  different  in  the  bed  than  when 

The  final  color  can  be  seen  by  taking  a  small  quantity 
le  mortar  from  the  bed  and  permitting  it  to  dry 
ughly. 

WATBRPROOFINQ    MOBTAR 

.  Ordinary  lime  mortar  when  set  absorbs  about  50  per 
of  its  weight  of  water.  Cement,  mortar  absorbs  about 
r  cent,  of  its  weight.  If  a  joint  in  a  wall  is  saturated 
water  and  then  allowed  to  freeze,  the  moisture  in  the 
ir  joints,  as  it  congeals,  expands  and  has  a  tendency  to 
off  the  pointing.  In  order  to  overcome  this  diflBculty, 
lometimes  deemed  advisable  to  make  the  mortar  water- 

This  is  accomplished  by  adding  1  per  cent,  of  pow- 
alum  to  the  sand  and  1  per  cent,  of  soft  soap  to  the 

These  two  substances,  when  combined,  form  an 
ible  compound.  With  lime  mortar,  however,  the  water- 
ing just  mentioned  retards  the  drying  out  of  the  interior 
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portions  of  the  work,  on  account  of  making;  those  par's 
air-proof.  Nevertheless,  waterproofing  makes  the  mortar 
somewhat  stronger  both  in  the  initial  and  in  the  final  set. 


GROUTING 

49.  Oront  is  a  thin  mixture  of  lime  or  cement  mortar 
and  water.  It  is  used,  instead  of  stiS  mortar,  to  pour  in 
nlaces  where  the  latter  would  be  difScult  to  apply.  Grout 
should  be  used  sparingly,  as  the  excess  of  water  seems  to 
considerably  lessen  the  strength  of  the  cement. 
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gregate  and  a  mortar  miiced.  Some  engineers  con- 
it  the  word  "aggregate"  includes  the  sand  also.  This 
correct,  but  is  not  customary  and  will  not  be  so  used 
lection. 

rgregate  must  be  free  from  clay  or  any  other  sub- 
liat  might  prevent  the  mortar  from  coming  into  direct 
with  the  gravel  or  broken  stone.  Although  gravel  is 
:Iy  used  as  an  aggregate,  it  is  smoother  than  broken 
:onsequentIy,  the  mortar  will  not  adhere  so  well, 
sbles  forming  gravel  should  not  be  too  large,  or 
II  not  fit  into  small  corners  in  the  work.  Broken 
akes  a  better  aggregate  than  gravel,  but  it  is  often 
[pensive.  The  stoiie  should  be  broken  so  that  the 
pieces  will  pass  through  a  ring  2  inches  in  diameter. 

TABLE  I 
CRUSHING  8TRBMOTH  OF  COMCRBTS 


ibyVo 

lame 

Age  of  Concrete 

t  Month     3  Months    b  Months 

Stone 

CrusbiDg  Strength  in  Pounds  per  Square  Inch 

I 

3 

i,6oo 

2,750 

3.360 

4.300 

2 

4 

1,400 

2,400 

2,900 

3.700 

2i 

5 

1.300 

2,225 

2,670 

3.400 

3 

6 

1,200 

2,050 

2,440 

3.100 

3* 

7 

1,100 

1,875 

2,2t0 

2,800 

4 

8 

1,000 

1,700 

1,980 

2,500 

5 

10 

Soo 

1.350 

1,520 

1,900 

6 

12 

600 

1,000 

1,060 

1,300 

ill  pieces  of  stone  caused  by  the  crushing  should  not 
ined  out,  as  is  often  done,  because  they  help  fill  up 
Is  between  the  larger  stones  and  thus  decrease  the 
of  mortar  required. 

materials  besides  broken  stone  and  gravel  are  some- 
sed  for  aggregates.     Either  sea  shells  or  furnace 
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ilaes  make  good  aggregates,  and  in  the  anthracite  regions 
of  Pennsylvania,  "bony"  coal  is  often  found  less  expensive 
than  broken  stone  and  is  used  for  cheap  work. 

3.  Cotupresslve  Strength  of  Concrete. — On  account 
of  the  developments  in  concrete  construction,  the  compress- 
ive strength  that  may  be  developed  in  concrete  is  becoming 
an  important  consideration.  Table  I,  which  was  compiled 
from  tests  made  by  George  A.  Kimball,  at  the  Watertown 
Arsenal,  gives  the  crashing  strength  of  concrete  made  with 
several  proportions  of  materials. 

UrsnUQ  AND  I.ATING  CONCBBTB 


inXINO    CONCBETB 

4.  Concrete  should  be  made  by  mixing  a  good  quality  of 
Portland  or  best  natural  cement  with  clean  sharp  sand  and  a 
proper  amount  of  aggregate.  The  proportions  vary  for  dif- 
ferent classes  of  work,  but  a  common  ratio  is  one  part  of 
cement,  three  of  sand,  and  six  of  stone  or  some  similar  mate- 
rialcnisbed  to  go  through  a  li-inch  ring.  Any  natural  stone, 
gravel,  broken  brick,  etc.  may  be  used  as  an  aggregate,  but, 
whatever  it  is,  it  should  be  uniform  in  color  and  of  an  even 
Erade.  If  a  very  close  imitation  of  a  natural  stone  is  desired, 
the  stone  to  be  imitated  should  be  crushed  and  used  as  an 
a|;gregate.  In  addition,  color  to  correspond  with  that  of  the 
stone  should  be  mixed  with  the  cement.  The  finer  the  stone 
is  crushed,  the  nearer  will  be  the  resemblance  to  real  stone. 
For  very  good  work,  it  is  sufficient  to  break  the  stone  to  the 
■iie  of  buckshot  or  fine  gravel. 

5.  Hand  Mixing. — In  preparing  concrete  by  hand  labor, 
the  materials  should  be  worked  on  a  platform  made  of 
boards.  This  platform  should  have  sides  about  10  inches 
high,  battened  on  the  back,  and  should  be  laid  on  the  ground 
near  the  work  that  is  to  be  constructed.  The  platform  is 
necessary,  as  it  keeps  the  concrete  off  the  gronnd  and  thus 
prevents  loam  or  clay  from  mixing  with  the  mass.    As  clay 
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wtll  adhere  to  the  stone  and  destroy  close  contact  with  the 
mortar,  the  effect  will  be  to  lessen  the  strength  of  the 
concrete. 

The  measured  portions  of  sand  and  cement,  while  dry, 
should  be  thoroughly  mixed  by  shoveling  them  together  at 
least  twice,  so  that  there  will  not  be  different  proportions  of 
sand  to  cement  in  different  parts  of  the  concrete.  Water 
is  then  poured  on  this  mixture,  which  is  shoveled  over  again 
until  it  has  a  pasty  consistency.  This  mass  is  spread  out  in 
a  layer  about  6  inches  thick,  and  the  broken  stone,  which 
has  been  previously  wetted,  is  distributed  over  it  evenly. 
The  concrete  is  finally  mixed  by  turning  the  mixture  over 
twice  with  a  shovel,  after  which  it  is  ready  to  be  put  in  place. 

6.  Contlunous  Mixers. — When  large  quantities  of  con- 
crete are  needed,  mixing  machines  are  usually  employed. 
A  common  type  ot  machine,  known  as  a  contlnaous  mixer, 
consists  of  a  long  screw  about  18  inches  in  diameter,  which 
is  enclosed  in  a  slightly  inclined  iron  casing  of  a  little 
greater  diameter;  the  screw  is  operated  by  a  crank  that  may 
be  turned  either  by  hand  or  by  power.  The  cement,  sand, 
and  stone  are  introduced  through  hoppers  at  the  upper  end 
and  the  water  is  added  through  pipes  at  intervals  along  the 
length,  and,  as  the  screw  revolves,  the  materials  become 
thoroughly  incorporated.  The  concrete  is  forced  out  at  the 
lower  end  of  the  machine,  falling  into  a  bucket  or  other 
conveyer.  After  the  concrete  is  made,  the  time  between  the 
mixing  and  the  ramming  should  be  as  short  as  possible,  in 
order  to  prevent  the  cement  from  setting  before  it  is  in  place. 

To  hoist  the  prepared  material,  a  traveling  crane  is  some* 
times  used,  the  concrete  being  placed  in  buckets,  which  are 
transported  to  the  proper  place  by  the  crane.  Another  plan 
is  to  have  an  elevator  built  at  a  central  point  on  the  site  and 
carried  to  the  full  height  of  the  intended  building,  runways 
being  made  to  each  floor  as  the  work  progresses. 

7.  Another  style  of  continuous  concrete  mixer  is  GU- 
bretli*8  portable  gravity  mixer.  This  mixer,  as  shown 
in  Fig.  1,  consists  of  an  inclined  trough  with  projecting  steel 
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pins,  which  are  so  arranged  that  the  ingredients  of  the  con- 
Crete  will  be  deflected  from  one  side  to  the  other  in  descend- 
ing,  and  thus  become  thoroughly  incorporated.  At  the  upper 
end  of  the  trough,  the  pins  are  placed  close  together  so  that 


Pio.  1 

•ny  pieces  of  stone  that  pass  the  first  row  will  be  certain 
not  to  clog  in  the  other  pins.  In  order  that  the  concrete 
may  be  mixed  dry  before  the  water  is  added,  the  water 
connection  is  placed  part  way  down  the  mixer.     Water  is 
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supplied  through  a  hose  as  shown  in  Fig.  2,  which  illustrates 
one  of  the  man^  uses  to  which  this  mixer  may  be  put. 


8.  Batch  ConcretP  Mixers. — A  batch  mixer  consists 
essentially  of  a  large  cylindrical  or  cubical  box  placed  on 
trunnions.  There  are  many  types  of  these  mixers,  which 
are  operated  in  various  ways.  In  the  oldest  type,  the 
ingredients  are  placed  inside  of  the  box,  which  is  securely 
closed  and  revolved  on  the  trunnions,  thus  mixing  the  con- 
tents thoroughly.  In  other  mixers,  the  box,  which  is  cylin- 
drical, is  open  at  both  ends,  and  the  materials  are  mixed 
by  vanes  attached  to  the  inside  of  the  cylindrical  walls,  the 
concrete  being  discharged  as  the  machine  revolves  on  its 
axis.  With  some  types  of  mixers,  this  discharge  is  accom- 
plished by  tipping  up  the  cylinder,  and  in  others  by  insert- 
ing a  chute  in  the  end  of  the  machine  while  the  cylinder  is 
in  motion.  

LAYING    CONCRETE 

9.  When  concrete  has  been  dumped  at  the  proper  place, 
it  is  spread  out  and  settled,  by  ramming,  which  should  be 
continued  until  the  concrete  is  thoroughly  consolidated,  and 
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tbe  cement  Bushes  to  the  surface.  The  surface  of  each 
layer  should  be  left  rough  for  the  succeeding  layer,  which 
is  applied  in  the  same  way,  until  the  required  thickness  is 
obtained.  In  order  to  make  different  layers  of  concrete 
bond  together  well,  it  is  necessary  to  deposit  a  fresh  layer 
before  the  previous  one  has  become  set,  otherwise  cracks 
are  liable  to  develop  in  the  finished  work  at  the  points  where 
tbe  layers  join.  Too  much  care  cannot  be  exercised  in  these 
operations,  as  the  value  of  concrete  construction  depends 
greatly  on  compactness  and  uniformity. 

The  making  and  placing  of  concrete  should  be  very  closely 
inspected,  to  insure  the  specified  quality  and  proportions  of 
cement  and  other  materials,  and  also  the  proper  manipula- 
tion. The  cement,  too,  should  be  frequently  tested  during 
the  progress  of  the  work.  On  large  and  important  work,  an 
inspector  should  be  constantly  on  hand,  to  see  that  the 
concrete  is  properly  mixed  and  laid. 


METHODS  OP  CONCRETE  CONSTRUCTION 

FORMS 

10.  When  placing  concrete,  the  usual  method  is  to  con- 
fine it  in  forms,  or  molds,  on  account  of  its  tendency, 
when  wet,  to  run  and  spread.  Molds  for  concrete  work  are 
usually  made  of  wood,  and  are  removed  after  the  concrete  . 
has  set.  While  still  wet,  concrete  exerts  considerable 
pressure  against  the  side  of  the  molds. 

11.  Form  Cods  traction. — When  building  concrete 
walls,  piers,  arches,  etc.,  the  concrete  is  deposited  in  forms,  or 
molds,  made  somewhat  as  follows:  Posts  of  4"  x  4"  or  4"  X  6" 
timber  are  set  up  in  pairs  on  opposite  sides  of  the  wall  that 
is  about  to  be  formed,  each  pair  being  strongly  braced  to 
prevent  springing.  Against  the  inner  sides  of  the  uprights 
are  laid  planks  1  or  2  inches  thick,  the  distance  from  face 
to  face  of  the  boards  being  just  the  thickness  of  the  wall. 
The  planks  frequently  have  beveled  ridges  formed  on  the 
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inner  side,  to  produce  the  appearance  of  joints  in  the  wall. 
This  is  shown  in  Fig.  3.  in  which  a  represents  the  posts; 
b,  the  boarding;  and  c,  the  molded  or  beveled  strips,  which 
make  the  apparent  joints  when  ashlar  is  to  be  imitated.     It 


is  thus  evident  that  concrete  may  be  made  to  resemble  any 
kind  of  stone  masonry  by  varying  the  position  and  shape  of 
the  strips,  or  cleats. 

It  is  sometimes  recommended  that  the  inside  of  the  molds 
be  washed  with  a  solution  of  soap  or  crude  oil  before  laying 
concrete  between  them  so  that  it  will  not  adhere  to  the  wood. 

After  the  lower  portion  of  the  concrete  wall  has  set,  the 
braces  against  the  uprights  are  loosened  enough  to  permit 
the  withdrawal  of  the  molding  boards,  which  are  put  in  place 
higher  up.  A  movable  cribbing  is  often  used,  and  consists 
of  slotted  standards  that  may  be  raised  when  necesSary 
without  interfering  with  the  work  of  laying  the  concrete. 

12.  The  molds  for  rough  concrete  work  do  not  necessarily 
require  the  same  amount  of  care  as  the  one  just  mentioned, 
and  sometimes  the  boards  are  not  even  dressed. 

An  ingenious  method  that  is  used  to  support  the  molds 
for  large  work,  and  that  is  cheaper  than  the  one  shown  in 
Fig.  3,  is  illuptrated  in  Fig.  4.  Here,  a, a  represents  the 
mold  proper,  which  is  held  in  place  by  uprights  d,  d  spaced 
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about  2  feet  on  centers.  The  uprights  are  supported  by 
3"  X  8"  planks  b,  b,  which  are  tied  together  with  light  steel 
rods  c,  c.  After  the  concrete  has  set,  it  is  only  necessary  to 
cat  these  rods  and  th 
mold  falls  apart.  Th 
rods  are  then  clipped  off  ^S 
close  to  the  concrete, 
leaving  the  foundation 
ready  for  use. 

13.  ExpanBloQ  and 
Contraction. — When  it 
hardens  in  air,  concrete 
contracts  slightly,  but  often  , 
sufficient  to  produce  cracks 
in  the  walls  and  floors.    To  ''"'■  * 

obviate  this,  it  is  customary  to  employ  some  means  to  allow 
for  expansion  and  contraction.  The  usual  method  is  to  make 
planes  of  least  resistance  in  the  work,  which  the  cracks  will 
follow  and  hence  will  not  appear  on  the  face  of  the  wall. 


A  method  of  accomplishing  this  object  is  illustrated  in 
Fig.  5.  As  shown  at  a,  pieces  of  tar  paper  or  other  heavy 
paper  are  laid  in  the  concrete  in  such  a  manner  as  to  follow 
the  course  of  the  joints  in  the  artificial  stones.     The  paper 
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f  the  surface  at  each  side  of 
E  contracts  it  will  crack   in 

mings,  etc.,  great  care  must 
iig;ed  that  shrinkage  in  the 
A.il  sills  for  windows  should 
settles,  the  ends  of  the  sills 
nilar  reasons,  it  is  well  to 
the  form  of  a  flat  arch  with 
id  a  recess  for  a  key,  which 


;o  within  a  few  ^ears,  either 

he  outside  covering  of  most 

however,  does  not  prove 

satisfactory  and  increases 

the  cost  considerably.     It 

is  now  not  Qncommon  to 

cut   the   outside   faces   of 

concrete   walls   to  closely 

resemble    cough-dressed 

stonework.     The  effect  of 

coursed  stone  or  ashlar  is 

produced  by  forming  imtta- 

tion  joints  in  the  face  of 

afterwards  either  picking  or 

ig  rough-dressed  work,  the 

le  wall  before  the  concrete 

I  finishing  may  then  be  done 

on  of  finer  tooled  work  is 

e  allowed  to  harden  for  a 

i  finishing  the  face  of  con- 
n  the  concrete;  d,  a  margin, 
ork;  and  c,  the  picked  face, 
parent  joints  are  properly 
ied  joints  will  not  require 
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15,  Concrete  can  be  put  to  innumerable  uses;  founda- 
tions and  pavements  made  of  this  material  have  been 
described  in  other  Sections,  the  construction  of  walls  has 
jast  been  mentioned,  and  concrete  fences  and  chimneys  are 
made  in  practically  the  same  way.  Three  additional  uses 
of  concrete  are  found  in  concrete  street  curbs,  concrete 
building  blocks,  and  re  in  forced-concrete  structures.  These 
are  named  in  the  reverse  order,  of  their  importance,  and  will 
be  discussed  in  the  same  sequence. 

16.  Combined  Curb  and  Gutter.— In  Fig,  7  is  shown 
a  method  of  layin^f  a  combined  curb  and  gutter.     The  form 
consists  of  two  2-inch  planks,  each  10  feet  long,  with  the 
edges  and  inside  sur- 
faces covered  with  sheet 

iron.  One  plank  is  15 
inches  wide,  and  forms 
the  side  of  the  curb  next 
to  the  sidewalk;  the 
other  is  9  inches  wide  ; 
and  forms  the  side  next 
to  the  street.     Both 

planks  are  held  rigidly  ^"^ ' 

in  place  by  three  cast-iron  frames,  to  which  they  are  bolted. 
The  frames  also  carry  the  form,  the  curved  under  surface  of 
wbich  produces  the  trough  of  the  gutter,  and  the  outside  (or 
street  side)  forms  the  curb.  The  mold,  which  is  shown  in 
cross-section,  is  10  feet  long  and  is  accurately  secured  in 
line  and  at  the  proper  grade  by  sighting  alofig  its  top  edges. 
It  is  then  staked  down  by  four  long  iron  stakes,  or  spikes, 
that  hook  over  the  outside  edges.  This  is  done  to  prevent 
an;  movement  during  the  process  of  ramming  in  the  con- 
crete filling.  The  mixed  concrete  is  shoveled  into  the 
openings  <4  and  B  and  thoroughly  rammed  until  the  mold 
is  full,  and  the  top  surfaces  at  these  points  are  then  troweled 
oS  flush  with  the  top  edges  of  the  mold. 
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As  soon  as  the  concrete  iiUine  has  become  sufficientl?  set, 
the  stakes  are  drawn,  the  mold  lifted  off  and  moved  along- 
the  line  of  the  work,  and  placed  in  position  to  continue  the 
process.  When  the  mold  is  removed,  the  trough  of  this 
combined  curb  and  gutter  must  be  smoothed  with  a  trowel 
in  order  to  produce  a  more  even  surface  in  places  where  the 
concrete  may  not  have  l>een  well  rammed.  This  finishing 
may  be  done  with  neat  cement  mortar  or  with  mortar  mixed 
in  the  proportions  of  one  part  of  cement  to  two  parts  of 


sand.     The  smoothing  requires  no  special  skill,  and  may  be 
done  rapidly. 

Several  lengths  of  mold  may  be  used  at  one  time,  so  thiat 
when  the  last  is  full  the  first  will  be  ready  to  move  along 
the  line  without  loss  of  time.  As  soon  as  the  concrete 
becomes  sufficiently  bard,  the  street  and  sidewalk  pavement 
may  be  laid  to  join  it. 

17.  Curbs. — A  simple  form  of  concrete  curb,  not 
including  a  gutter,  is  shown  in  Fig.  S.     This  curb  is  usually 
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built  in  wooden  molds  as  shown,  which  are  removed  after 
the  concrete  has  set.  As  usual  with  all  concrete  curbs,  this 
curb  is  divided  into  certain  definite  lengths  by  breaking  its 
continuity  with  sheets  of  tar  paper  or  some  similar  material. 
These  joints  are  so  placed  as  to  insure  that  all  cracks  in  the 
length  of  the  curb  due  to  shrinkage  will  be  vertical  and  at 
definite  points.  A  steel  guard,  as  shown  at  a,  is  sometimes 
placed  on  the  curb  and  serves  to  protect  the  concrete  from 
the  abrasion  of  wagon  wheels. 


CONCRETE    BLOCKS 

18.  Although,  as  already  stated,  artificial  stone  has  been 
employed  for  centuries,  it  is  only  within  the  last  few  years 
that  concrete  building  blocks  have  come  into  extensive  use. 
As  a  rule,  these  blocks  are  hollow  in  construction,  which 
makes  them  both  lighter  and  cheaper,  and  also  has  a  tend* 
ency  to  keep  walls  built  of  them  free  from  moisture. 

A  type  of  concrete  block  that  is  extensively  used  is  shown 
in  Pig.  9.     The  makers  of  these  blocks  claim  that  it  is  safe 


to  plaster  directly  on  the  blocks  on  the  inside  of  walls  with- 
out using  any  furring  and  lathing,  as  the  hollow  construc- 
tion will  not  allow  moisture  to  penetrate  to  the  inner  surface. 
This  is  probably  true  in  a' short  or  gentle  rain,  but  in  a 
driving  storm  lasting  for  many  hours,  dampness  is  liable  to 
soak  through;  therefore,  particularly  in  exposed  places,  it  will 
be  found  better  to  have  hollow-block  concrete  walls  furred 
and  lathed  on  the  inside. 
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19.  Hanutaotnre  ot  Blocks. — In  making  concrete 
blocks,  a  machine  having  an  iron  mold  is  usually  employed. 
Dry  concrete,  that  is,  concrete  made  with  as  little  water  as 
possible,  is  used,  so  that  the  block  may  be  quickly  removed 
from  the  mold  and  a  new  one  cast.  In  this  way,  the  mold- 
ing machine  will  have  a  larger  capacity  than  if  wet  concrete 
is  used. 

By  changing  the  face  of  the  mold,  the  blocks  can  be  made 
to  represent  rock-faced  work  or  any  particular  cut  of  stone 
that  is  desired.  The  color  of  the  block  can  also  be  made  to 
imitate  various  kinds  of  stone  by  using  the  proper  kind  of 
aggregate.  Some  makers,  however,  produce  the  desired 
shade  by  using  artificial  coloring. 

Almost  all  building  blocks  are  made  of  ordinary  concrete, 
but  many  manufacturers  use  special  ingredients  or  have  a 
special  process.  It  is  common  among  some  makers  to  cast 
the  blocks  under  heavy  pressure.  This  method  has  a  tendency 
to  make  the  blocks  more  dense,  so  that  they  will  absorb  less 
water.  A  very  good  imitation  of  Caen  stone  is  made  from  a 
special  cement  called  Caen  stone  cement. 

30.  The  architect  should  exercise  caution  when  selectingf 
concrete  building  blocks,  as  many  of  them  are  cheaply  made 
in  order  to  compete  with  natural  stone.  For  instance,  some 
are  sandy,  absorb  water  freely,  and  present  a  dull  regular 
appearance,  which  is  often  very  far  from  the  natural  stone 
that  is  supposed  to  be  represented.  However,  improvements 
are  being  made  constantly,  and  there  are  today  many  reliable 
manufacturers  that  make  tirst-class  concrete  blocks.  Many 
of  these  use  the  wet  process;  that  is,  use  sufficient  water  in 
the  mixture  to  allow  the  concrete  to  attain  its  full  strength 
on  setting.  The  molds  employed  in  this  method  are  porous, 
and  thus  permit  any  superfluous  water  to  escape.  Stones 
made  in  this  manner  are  very  dense  and  do  not  absorb  water 
readily;  they  can  also  be  tooled  the  same  as  a  natural  stone. 

The  concrete  blocks  made  by  the  Aberthaw  Construction 
Company,  of  Boston,  Massachusetts,  are  formed  in  various 
molds  to  suit  the  conditions  of  its  use;  sand  molds,  treated 
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sand  molds,  plaster  of  Paris,  glue,  or  wood  are  employed,  or 
sometimes  the  ordinary  hollow-bloclt  moldine  machine.  The 
color  is  varied  by  the  use  of  aggregates  of  different  colors 
and  also  by  ordinary  mortar  colors.  Sometimes,  to  get  a 
very  light  effect,  pure  lime  putty  is  added.  Fig.  10  is 
a  photographic  reproduction  of  a  specimen  of  artificial 
stone  as  made  by  the  Aberthaw  Company.  Some  of  this 
material,  particularly  after  it  has  been  carved,  is  difficult 
to  distinguish  from  natural  stone. 


REINFORCED    CONCRETE 

METHODS  AND   MATERIALS 

21.  Outside  of  foundation  work,  the  most  important  use 
of  concrete  is  in  the  construction  known  under  the  names  of 
ferroconcrete,  concrete  steel,  armored  concrete,  and  reinforced  con- 
crete. The  object  of  reinforcing  concrete  is  to  insert  steel, 
either  in  the  form  of  rods  or  of  wire  netting,  so  as  to  take 
up  the  strains  of  tension. 

22.  Economic  Theory  of  Relurorced-CoDcret«  Con- 
struction.— The  tensile  strength  of  1,  2,  and  4  concrete  is 
about  250  pounds  per  square  inch,  and  the  compressive  strength 
is  about  2,500  pounds  per  square  inch.  The  strength  of  steel 
is  about  64,000  pounds  per  square  inch  in  both  tension  and 
compression.  At  $7  per  cubic  yard,  1  cubic  inch  of  concrete 
in  place  costs  about  y^  cent,  and  at  3  cents  a  pound,  1  cubic 
inch  of  steel  in  place  costs  about  -J  cent.  To  resist  100,000 
pounds  in  tension  will  require  100,000  -;-  64,000  =  1.56  square 
inches  of  steel,  and  100,000  -r  250  =  400  square  inches  of 
concrete.  This  will  cost,  if  an  inch  long,  for  the  stee!  1.56 
X  J  =  1-17  cents,  and  for  the  concrete  400  X  shs  =  6  cents. 
Steel  is  therefore  more  than  five  times  as  cheap  a  material 
as  concrete  to  use  in  tension. 

On  the  other  hand,  to  resist  100,000  pounds  in  compres- 
sion will  require  1.56  square  inches  of  steel  and  100,000 
+  2,500  =  40  square  inches  of  concrete.    Therefore,  for  a 
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length  of  1  inch,  the  steel  will  cost  1.17  cents,  and  the  con- 
crete 40  X  TbZ  =  i  cent.  The  concrete  is  therefore  almost 
twice  as  cheap  a  material  as  steel  to  use  for  resisting 
compression. 

23.  Cracks  In  Concrete. — The  adhesion  between 
smooth  steel  and  concrete  is  about  300  pounds  per  square 
inch.  When  concrete  and  steel  are  combined,  the  concrete 
may  stretch  to  such  an  extent  that  it  will  be  ruptured, 
causine  small,  almost  invisible,  cracks  before  the  steel  is 
stretched  beyond  its  elastic  limit.  However,  when  the  load 
is  removed  the  concrete,  which  during  this  time  has  been 
held  in  place  by  the  steel,  will  return  to  its  original  position. 
The  concrete  is  then  as  good  as  ever  to  resist  compression, 
although,  of  course,  it  will  not  stand  tensile  stress.  There- 
fore, these  fine  cracks  do  not  injure  the  structure,  because  if 
properly  designed  the  concrete  is  not  supposed  to  resist  any 
tensile  stress. 

24.  Corrosion  In  Steel. — Protecting  the  steel  in  the 
concrete  against  corrosion  is  a  problem  that  has  been  much 
discussed.  It  seems,  however,  that  ordinary  cement  with 
its  alkaline  reaction  is  a  good  preservative  against  rusting, 
provided  there  are  no  cracks  through  which  water  and  air 
can  penetrate.  There  is  at  the  present  time  considerable 
difference  of  opinion  on  this  point,  nevertheless  many  of  the 
older  reinforced-concrete  structures  have  been  opened  and 
the  steel  found  to  be  as  bright  and  clean  as  when  it  was 
put  in.  However,  in  the  anchorages  of  the  Niagara  railroad 
bridge  the  strands  of  the  main  cables  embedded  in  concrete 
were  found  to  be  eaten  through  in  some  places.  Many  engi- 
neers claim  that  this  corrosion  was  not  due  to  the  cement, 
but  was  caused  by  the  limestone  aggregate. 

Therefore,  according  to  the  best  information,  concrete  may 
correctly  be  considered  a  good  preservative  of  steel  against 
corrosion,  but  care  should  be  taken  not  to  use  limestone  as 
an  aggregate,  for  it  is  considered  injurious  to  the  steel. 
Cinders  are  also  considered  injurious  in  some  instances,  as 
when  used  in  large  proportions  as  an  aggregate. 
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25.  In  the  proportion  of  1,  2,  and  5,  concrete  made  from 
cinders  is  absolutely  fireproof  and  almost  entirely  protects 
the  steel  from  corrosion.  If  used  with  a  larger  proportion 
of  cinders  than  this,  however,  the  concrete  should  be  laid 
with  caution,  for  if  the  cinders  come  in  contact  with  the 
steel,  corrosion  is  liable  to  occur. 

26.  Concrete  as  Flreproot  Material. — To  show  how 
completely  concrete  protects  steel  from  fire,  it  is  merely 
necessary  to  say  that  properly  made  reinforced  concrete  is 
fireproof.  If  the  steel  is  embedded  at  least  la  inches  in  the 
concrete,  it  is  safe  from  any  ordinary  conilagration  unless 
the  protecting  concrete  is  broken  off.  Time  and  time  again, 
both  in  experimental  tests  and  in  disastrous  fires,  rein- 
forced concrete  has  been  tested  and  found  fireproof,  and 
often  superior  to  the  structural-steel  fireproof  construction 
now  in  common  use. 

27.  Reinforced  concrete  was  given  a  severe  test  in  the 
Baltimore  fire  of  1904.  A  survey  of  the  United  States  Fidelity 
and  Guaranty  Building  of  that  city,  which  was  composed 
of  floor  systems  carried  by  rein  forced-concrete  columns 
and  girders,  showed  that  though  the  cast-iron  front  and  the 
briclt  party  wall  of  the  building  had  been  destroyed,  the  con- 
crete floor  systems  and  their  supporting  columns  remained 
in  place.  In  Fig.  11  is  shown  the  condition  of  the  building 
several  weeks  after  the  fire,  some  of  the  party  wall  hav- 
ing been  removed.  When  in  this  condition,  the  floors  of 
the  building  were  tested  without  failure,  the  load  being 
400  pounds  per  square  foot.  Even  the  overhanging  por- 
tion a  sustained  a  load  of  200  pounds  per  square  foot  without 
damage.  The  reinforced  concrete  of  which  the  structural 
members  of  this  building  were  constructed  was  composed  of 
crushed  granite,  sand,  and  American  Portland  cement. 
Most  of  the  plaster  in  the  building  had  fallen  from  the  con- 
crete, thus  making  it  evident  that  the  plaster  afforded  no 
adequate  protection. 

28.  RiKldlty  of  Relntorced-Conerete  Construc- 
tion.— Joints  similar  to  those  used  in  the  column  and  girder 
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connections  in  structural-steel  work  do  not  occur  in  rein- 
fo  reed -concrete  construction;  consequently,  reinforced-con- 
crete  structures  are  practically  monolithic  and  extremely 
rigid.     This  construction  is  particularly  desirable  for  build- 


ings that  contain  looms,  presses,  rotary  mills,  or  any  machin- 
ery likely  to  run  in  unison  and  produce  considerable  vibra- 
tion, which  is  sometimes  very  disastrous  in  buildings  of 
ordinary  construction. 
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USES  OF  REINPORCBB  CONCRETE 

29.  Reinforced  concrete  is  mentioned  in  previous  Sec- 
tions in  connection  with  its  use  for  piles  and  footings,  and  in 
Fireproofing  of  Buildings  its  use  for  floors,  partitions,  and 
other  parts  to  be  made  fireproof  will  be  taken  up.  In  this 
Section,  the  purpose  is  to  describe  the  uses  of  reinforced 
concrete  in  building  construction,  exclusive  of  foundations 
and  fireproofing,  for  columns,  beams,  outside  walls,  etc. 
However,  it  must  not  be  inferred  that  these  are  the  only  uses 
to  which  concrete  can  be  put.  The  architect  only  begins 
the  list  of  its  uses.  Reinforced  concrete  is  employed  for 
bridges,  cisterns,  culverts,  dams,  harbor  work,  sewer  pipe, 
railroad  ties,  reservoirs,  standpipes,  and  innumerable  other 
purposes.  

BEINFOBCED-COIS  CRETE    WAIJLS 

30.  Classification. — Re  in  forced-concrete  walls  may  be 
divided  into  two  classes;  namely,  the  solid  wall  and  the  hollow 
wall.  The  solid  reinforced-concrete  wall  does  not  require  to 
be  very  thick,  and  for  this  reason  is  liable  to  become  wet 
through  during  rainy  weather.  Walls  of  this  kind  are  there- 
fore not  well  adapted  for  house  construction,  but  they  are 
commonly  used  for  mill  buildings. 

31.  Solid  Walls. — A  solid  reinforced-concrete  wall,  such 
as  would  be  built  for  a  mill  or  factory,  is  shown  in  Fig.  12. 


The  expanded  metal,  shown  diagrammatically  at  a,  is  wired 
to  studs  made  of  small  channel  irons,  as  shown  at  b,  6. 
A  steel  I  beam  may  be  substituted  for  the  wooden  post  c,  if 
it  is  desired  to  make  an  all-fireproof  structure. 
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32.  Hollow  Walls. — A  double  wall  made  of  expanded 
metal  is  illustrated  in  section  in  Pig.  13.  Wires  are  used  to 
tie  the  expanded  metal  to  the  studs,  which  are  made  of  steel 


angles  that  are  placed  opposite  each  other  in  the  two  walls, 
being  fastened  together  by  metal  straps  riveted  to  each 
angle. 

In  cheaper  construction,  wooden  studs  are  run  up  between 
tbe  walls,  and  the  expanded  metal  of  both  walls  is  tacked  on 
the  opposite  sides  of  each  stud,  as  shown  in  Fig.  14. 

33.  In  a  construction  such  as  shown  in  either  Fig.  13  or 
Fig.  14,  the  outside  wall  of  concrete  must  be  finished  before 
the  expanded  metal  used  for  the  inside  wall  is  put  in  place. 

This  is  done  so  that    ,..,■_■■  ■-. „..  .  ..,^„,_ 

the  inner  surface  of  mSm»&im.'-}mtMM% 
the  outside  wall  may 
be  properly  finished. 
The  walls  are  usually 
composed  of  cement- 
and-limc  mortar, 
cement  mortar,  or  cement  concrete  with  a  finely  broken 
aggregate.  When  using  expanded  metal,  wooden  forms  to 
confine  the  concrete  or  mortar  are  not  necessary,  as  it  can 
be  put  on  the  expanded  metal  the  same  as  any  other  plaster. 
The  subject  of  concrete  walls  reinforced  with  expanded 
metal  or  other  forms  of  netting  or  bars  will  be  further 
discussed  in  FireprooUng  of  Buildings. 


ioy  Google 


22  CONCRETE  CONSTRUCTION  §27 

34.  In  Fig.  15  (a)  is  shown  a  comer  of  a  concrete  house 
reinforced  with  plain  steel  rods  and  built  with  hollow  walls. 
Any  form  of  patent  rod  described  in  Footings  and  Foundations, 
however,  can  be  substituted  for  the  smooth  rods  shown  in 
the  illustration.  At  a  is  shown  a  6-inch  outer  concrete  wall; 
at  b,  a  2-inch  inner  wall;  and  at  c,c  are  shown  vertical  withes 
that  tie  the  two  walls  together.  The  ?-inch  rods  in  the  outer 
wall  are  shown  at  e,  and  the  i-inch  rods  in  the  inner  wall 


at  /,  these  rods  beine  placed  about  3  feet  apart.  At  d  are 
shown  the  tie-rods  in  the  floor  construction.  In  the  withes  e 
are  placed  i-inch  rods,  which  are  set  horizontally  and  spaced 
vertically  about  8  inches  apart.  These  rods  are  shown  in 
detail  in  Fig.  15  (b). 

At  each  floor  level,  J-inch  bars  are  embedded  in  the  walls, 
as  shown  at  g,  and  at  all  meeting  or  crossing  points,  the  rods 
are   securely    tied  to  one   another  with   wire.     The   spacp 
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between  the  walls,  which  is  about  12  inches,  is  stopped  at 
each  floor,  as  shown  at  h,  except  in  those  portions  used  for 
ventilation  or  for  smoke  flues,  where  the  space  is  continuous. 
The  floors  are  2  inches  thick,  and  are  reinforced  with  |-inch 
rods  k,  k  placed  on  6-inch  centers.  The  floor  is  supported  by 
joists,  which  are  reinforced  by  i-inch  rods,  as  shown  at  m. 
This  form  of  construction  is  superior  to  hollow  brick  walls, 
as  practically  no  moisture  can  pass  through  the  concrete 
withes. 

35.  Skeleton  Construction. — A  re  in  forced-concrete 
mill  building  of  thp  rigid-frame  type  in  course  of  construc- 
tion is  jhown,in  ^j^.  16.     Sometimes,  the  outside  walls  of 


Pio.  IS 

buildings  of  this  kind  are  made  of  brick  without  concrete 
piers  in  them,  in  which  event  only  the  floor  and  middle 
columns  are  made  of  reinforced  concrete.  In  the  illustra- 
tion, however,  the  outside  piers  are  of  concrete  and  are 
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built  monolithic  with  the  girders  and  floors.  When  curtain 
walls  are  used,  only  the  columns,  girders,  beams,  and  floors 
need  be  built  first,  and  these  principal  parts  are  in  practically 
one  piece.  The  outside  piers  have  copper  ties  cast  in  them, 
to  which  the  brick  veneer  that  is  to  be  put  on  afterwards  can 
be  secured.  The  illustration  shows  the  wooden  forms  bein^ 
put  in  place  in  the  fourth  floor,  while  the  first  three  floors 
are  all  ready  for  the  enclosure  walls.  The  forms  that  hold 
the  concrete  should  be  allowed  to  remain  for  at  least  a  week 
after  the  concrete  has  been  put  in  place. 


R£tNFURC£I>-CONCR£TE    BEAMS    AND    GIRDERS 

36.  The  construction  of  columns  and  girders  used  in  a 
building  like  the  one  shown  in  Fig.  16,  is  worthy  of  study. 
Reinforcing  is  accomplished  by  simply  placing  rods  that  run 
the  full  length  of  the  girder  near  the  under  side.  These 
rods  may  be  ordinary  round  rods  or  they  may  be  some 
patent  rod,  as  the  Thatcher  or  the  Ransome  bar.     The  usual 


method  of  constructing  a  reinforced-concrete  girder,  how- 
ever, is  shown  in  Fig.  17,  and  the  reinforcement  consists  in 
placing  round  steel  bars  so  that  one  is  vertically  over  the 
other. 

For  narrow  beams,  only  one  set  of  rods  is  employed,  but 
in  the  illustration  a  beam  is  shown  having  two  sets  of  rods, 
which  number  is  frequently  used.     The  upper  rods  are  bent 
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to  slope  up  to  the  top  part  of  the  beam  at  its  supports,  and 
the  reasons  for  this  arraDgement  is  as  follows:  The  tensile 
stress  in  the  under  side  is  less  at  the  ends  than  near  the 
middle  of  the  span  of  the  beams;  therefore,  less  steel  is 
reqnired  at  the  ends  to  withstand  this  stress.  Also,  when  con- 
crete beams  are  reinforced  with  a  high  percentage  of  steel, 
and  this  steel  is  placed  at  the  bottom  only,  the  beams  will  fail 
as  shown  in  Fig,  18,     The  cracks  a,  a  are  caused  by  a  com- 


bined shearing  and  tensile  strain  in  the  concrete,  and  to  avoid 
this,  the  rods  a,  Fig.  17,  as  already  mentioned,  are  bent  up. 

37,  It  will  be  noticed  in  Fig.  18  that  there  is  a  tendency 
when  the  beam  is  overloaded,  or  in  case  of  fire,  for  the  con- 
crete to  break  away  from  the  bottom  portion  at  the  ends 
as  far  up  as  the  rods.  In  such  a  case,  the  rods  become 
entirely  stripped  of  concrete  and  do  not  act  in  unison,  which 
of  course  reduces  the  strength  of  the  beam.  To  insure  that 
the  rods  will  always  be  secured  to  the  beam,  U-shaped 
stirrups  6,  Fig.  17,  are  inserted.  These  stirrups  also  resist 
the  tendency  of  the  concrete  to  crack,  and  thus  strengthen 
the  rod  a.  The  stirrups  are  placed  closer  together  at  the 
ends  where  the  strains  are  greatest. 

38.  When  a  girder  is  supported  by  three  or  more  sup- 
ports, it  is  customary  to  extend  the  bent  rods  across  the 
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points  of  support  in  the  top  of  the  beam  at  each  inside  sup- 
port, so  as  to  take  up  the  tensile  stresses  that  occur  there. 
This  construction  is  illustrated  in  Fig.  19,  where  a  is  the 


middle  support,  or  column,  and  c,c  are  the  extensions  of  the 
curved  rods  past  the  line  of  the  column. 


TBE    KAHN    SYSTEM    OF    REINFORCEMENT 

39.  Besides  the  method  for  the  reinforcement  of  concrete 
beams  just  described,  there  are  many  patent  steel  reinforce- 
ments, and  a  few  of  them  will  be  mentioned  here. 

The  Kahn  system  of  reinforced-concrete  construction  is 
illustrated  in  Fig.  20,  which  shows  the  shape  of  the  reinfor- 

^    \    \      /    /    /       I 


cjng  metal  for  beams  and  columns.     The  Kahn  standard  bar 

is  shown  in  section  in  Fig.  21,  and  consists  of  a  central  rib  c 

.        e    ^     with  a  web  (^  on  each  side,  which  may  be  so  bent 

E.iLi-.^^gz^  as  to  take  the  place  of  the  inclined  bars  and 

stirrups  employed  in  the  usual  method  of  rein- 

''"'*"        forcement.     This  is  accomplished  by  shearing 

the  webs  d  along  the  rib  c  for  a  certain  distance  and  bending 

them  into  the  positions  indicated  at  a.  Fig.  20.     It  is  evident 

that  a  bar  bent  up  as  described  cannot  slip  through  the 
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concrete,  and,  therefore,  it  must  resist  all  the  tension  pro- 
duced in  the  beam,  provided  the  concrete  is  so  proportioned 
that  it  will  not  fail.  When  a  load  is  applied  on  top  of  the 
beam,  the  concrete  throughout  the  whole  length  of  the  beam 
tends  to  arch  itself,  the  steel  bar  in  the  bottom  acting  as  a  tie. 


The  general  manner  of  using  these  bars  is  shown  in  Pig.  22. 
It  will  be  noticed  that  not  only  the  girders  but  also  the 
columns  are  reinforced  with  this  bar. 


THE    UNIT    CONCBGTE    STEEL    BEINPORCEMEMT 

40.  Another  patented  type  of  rein  forced -concrete  con- 
struction is  illustrated  in  Fig.  23.  This  construction  is 
known  as  the  unit  system,  and  takes  its  name  from  the  fact 
that  all  the  metal  necessary  for  the  actual  reinforcement  of 
the  concrete  girder  is  fastened  in  one  piece.  The  steel  rein- 
forcement of  the  unit-girder  frame  section  consists  of  four 
round  bars  connected  with  a.  thin  web,  as  shown  in  Fig.  23  (i). 
For  a  considerable  distance  from  each  end,  the  web  is  sheared 
through  the  section  at  a,a,  and  the  round   bars  with  the 
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attached  portion  of  web  are  bent  up  like  a  trussed  girder,  as 
shown  at  *,  b.  Fig.  23 
{a).  The  web  remain- 
ing on  the  two  central 
bars  of  the  bulb-formed 
rolled  section  is  punched 
and  bent  downwards,  as 
shown  at  t,t,  while  the 
web  between  the  two 
inside  bars  of  the  rolled 
section  is  punched  out 
at  intervals,  formin£ 
slotted  holes,  as  shown 
at  d,  d.  It  will  be  ob- 
served that  the  trussed 
frame  is  supplied  with 
stirrups  consisting  of 
a"  X  1"  bars  that  are 
punched  at  the  upper 
end  so  as  to  allow  the 
steel  reinforcing  mem- 
bers of  the  concrete 
floor  between  the  girders 
to  pass  through  tbem. 
These  bars  are  0-shaped, 
as  shown,  and  are  bent 
at  the  bottom  to  fit  the 
shape  of  the  rolled  sec- 
tion, where  they  are 
securely  held  in  place  by 
bending  back  the  prongs 
c,  c.  The  stirrups  toward 
the  end  of  the  bar  are 
arranged  somewhat 
differently  at  the  top, 
being  bent  around  the 
upper  bar,  as  shown  in 

the  illustration,  thus  tying  the  top  and  the  bottom  together. 
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REINFORCBU-CONCRETS    CULtTMMS 

41.  Common  Methods. — -There  are  two  distinct  types 
of  concrete-steel  columns.  Fig.  24  shows  the  common  form; 
which  consists  of  four  rods  set  out  toward  each  comer  of  the 
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column.     These  rods  are  held  together  at  intervals  by  plates, 
as  shown.     A  stronger  column  is  shown  in  Fig.  25.     Steel 
wire  is  used  in  this  case,  and  is  considered  preferable  to  the 
metal  plates  shown  in  Fig.  24,    These 
ties,  however,  whether  wire  or  plates  are 
aaed,  must  be  so  spaced  that  the  rod  rein- 
forcement cannot  bulge  between  two  tie-  , 
points.    It  is  generally  found  sufficient  I 
'0  piace  the  ties  at  a  vertical  distance 
above  one   another  equal  to  the  least 
diameter  of  the  section  of  the  column. 

42,    In  some  buildings,  columns  of  '''"■  ^ 

reinforced  concrete  have  been  constructed  by  placing  four 
structural  steel  angles  back  to  back,  as  shown  in  Fig,  2C,  and 
lis-n 
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then  puttine  concrete  around  tbem.  This  practice,  however, 
is  hardly  as  good  as  those  shown  in  Figs.  24  and  25,  because 
the  center  of  a  column  is  probably  not  the  best  place  to  have 
the  steel  reinforcement. 

43,  Hooped  Column. — The  other  style  of  reinforced 
column  referred  to  is  known  as  the  Consider^,  or  booped, 
column.  It  has  an  advantage  over  the  ordinary  reinforced 
column  in  that  it  can  be  made  much  smaller  in  diameter  for 
the  same  load.  This  column  is  made  by  embedding  in  the  con- 
crete a  steel  spiral  slightly  smaller  in  diameter  than  the  outside 
of  the  column,  as  illustrated  in  Fig.  27.  Columns  constructed 
in  this  manner  usually  fail  by  bending  and  not  by  shear,  as  do 
the  ones  shown  in  Figs.  24,  25,  and  26.  The  hooped  column 
finds  extensive  employment  at  present  in  France,  and  will 
doubtless,  in  the  future,  come  into  general  use  in  America. 

44.  Besides  being  hooped,  columns  are  often  reinforced 
in  addition  by  placing  vertical  rods  inside  of  the  spiral. 
Sometimes,  instead  of  a  spiral,  the  column  is  hooped  by  one 


or  more  sheets  of  expanded  metal,  as  shown  in  Fig.  28.  The 
great  objection  to  the  hooped-concrete  columns  is  that  the 
concrete,  if  subjected  to  a  severe  fire,  is  liable  to  crack  oft  as 
far  in  as  the  hooping. 
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1.  The  stonework  eDtering  into  the  construcrion  of  build- 
ings ma;  be  divided  into  three  classes:  rubble,  ashlar,  and 
trimmings.  Before  describing  these,  however,  a  few  general 
observations,  applying  to  all  classes  of  stone  masonry,  are 
necessaiy. 

Whatever  may  be  the  quality  of  mortar  used,  the  wall 
should  contain  as  much  stone  and  as  little  mortar  as 
possible,  as  the  former  is  the  stronger  material.  In  rough 
waUiiig,  if  the  stones  are  pressed  together  until  the  more 
prominent  angles  on  their  faces  come  almost  into  contact,  the 
interstices  being  filled  with  mortar,  there  results  better  work 
than  if  a  thick,  yielding  mass  of  mortar  is  allowed  to  remain 
in  the  joints.  Absolute  contact  is  not  advisable  in  stone- 
work, any  more  than  in  brickwork,  as  the  mortar  in  drying 
shrinks  and  may  leave  the  stones  bearing  only  on  the  pro- 
jecting angles. 

The  joints  in  stonework  vary  in  thickness  from  A  to 
i  inch;  a  J-inch  joint  is  probably  the  best  for  ordinary  work, 
while  a  i-inch  joint  should  be  used  for  rock-faced  work  only. 

2,  Stone  being  of  a  brittle  nature,  the  longer  pieces  in 
a  wail  must  be  properly  supported  and  well  bedded  in  order 
>o  prevent  them  from  breaking.  It  is  also  best  to  avoid 
eilremely  long  lengths,  although  the  length  of  a  stone  should 
be  ereater  than  its  height,  especially  in  ashlar  work,  on 
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account  of  the  vertical  bond.  There  is  a  certain  medium 
that  should  be  observed;  and  while  a  compact  mass,  broken 
as  little  as  possible,  is  most  desirable  in  stone  as  well  as  in 
brick  walls,  the  mason  will  often  find  it  better  to  breal^  a 
very  long  stone  into  two  or  more  shorter  ones,  even  though 
by  so  doing  additional  joints  are  made.  However,  in  laying 
very  long  stones,  as  steps  or  copings,  it  is  customary  to  bed 
them  only  at  the  ends,  so  that  when  the  mortar  joint  shrinks 
there  will  be  no  danger  of  the  stones  being  broken  by  bear- 
ing on  some  obstruction  at  their  middle. 

The  best  stones  should  be  used  (or  piers,  jambs,  sills, 
lintels,  cornices,  band  courses,  etc.  in  the  order  mentioned; 
and  all  stones  that  are  longer  on  the  face  than  their  heights 
should  be  so  quarried  that  they  can  be  laid  on  their  natural 
beds,  except,  of  course,  piers  and  long  jambs,  which  neces- 
sarily have  the  bed  of  the  rock  vertical, 

3.  Deleetive  Hetbods. — A  stone  with  a  hollow  cut  in 
it,  as  shown  at  a.  Fig.  1,  should  never  be  used  in  a  wall,  for 
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when  the  mortar  shrinks,  the  stone  will  bear  only  at  the  edges 
and  is  liable  to  spall,  with  the  result  shown  in  the  illustration. 
If  not  closely  watched,  careless  stone  masons  are  tempted  to 
cut  stones  in  this  manner,  as  it  is  much  easier  than  cutting 
them  to  a  true  bed.  Another  improper  method  often  carried 
out  by  masons  is  to  cut  the  stone  as  shown  in  Fig.  2  and 
underpin  the  back  with  spalls.  This  practice  is  also  liable 
to  lead  to  disaster,  as  the  stone  may  split  as  shown  at  a. 
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Rusticated  joints  are  ordinarily  used  in  the  basement  and 
first  story  of  tall  buildings  to  lessen  the  liability  of  spalling 
in  the  lower  courses  of  stone. 

4.  Cement  and  Uortar. — For  damp  places,  stonework 
should  be  laid  either  with  cement  or  with  cement-and-lime 
mortar,  while  for  dry  situations,  lime  mortar  may  be  used. 
Cement  is  always  preferable,  however,  for  general  use. 

In  work  that  is  to  be  pointed,  no  mortar  should  be  placed 
within  an  inch  of  the  front  edges  of  the  stoi^e,  as  this  saves 
raking  out  the  joints  preparatory  to  pointing.  Sometimes, 
slips  of  wood  the  exact  thickness  of  the  joint  are  set  on  the 
edges  of  the  lower  course;  in  setting  the  stone,  the  super- 
fluous mortar  is  pressed  out  and  the  stone  rests  on  the 
wooden  slips,  which  are  removed  when  the  mortar  is  hard. 
No  mortar  for  pointing  is  better  than  pure  well-sIaked  lime 
mixed  with  two  parts  of  washed  hard  sand  and  the  required 
amount  of  coloring  matter.  The  mixture  should  be  worked 
until  the  mass  assumes  the  consistency  of  glaziers'  putty. 
The  tints  of  the  mortar  used  for  pointing  should  be  of  a 
shade  that  will  give  relief  to  the  blocks  and  also  softly  blend 
with  the  general  shade  of  the  stone;  but  care  should  be  taken 
not  to  make  the  joint  lines  too  striking  as,  by  so  doing,  it 
imparts  to  the  work  a  harsh  and  repellent  appearance. 

5.  Portland  and  Rosendale  cements  discolor  most  lime- 
stones and  marbles,  and  some  sandstones.  By  exercising  care, 
themortarmay  be  kept  from  the  face  of  the  stone,  and  the  joints 
may  be  pointed  afterwards  with  mortar  that  will  not  stain.  A 
cement  made  of  plaster  of  Paris,  lime,  and  marble  dust,  called 
Lalargt  cement,  is  sometimes  used  for  setting  marble  and 
limestone;  it  is  claimed  that  this  will  not  cause  discoloration. 

RtJBBIiE  WAX.LS 

6.  RabbleTTork  consists  of  stonework  in  which  the 
stones  have  not  four  sides  dressed  to  form  right  angles.  It 
is  used  for  rough  masonry,  as  in  foundations,  backing,  etc., 
and  frequently  consists  of  common  field  stone,  roughly 
dressed;  but  whenever  possible,  quarried  rubble  should  be 
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used,  as  better  beddinc  can  thereby  be  secured.  Conglom- 
erate and  slate  stones  abound  in  many  localities,  and  are 
cheap  and  durable,  but  do  not  cut  easily.  They  are  otten 
used  with  good  eflEect,  however,  in  walls  with  cut-stone  or 
brick  trimmings;  or,  when  good  lengths  can  be  had,  for 
rock-faced  sills,  lintels,  and  trimmings. 

7.     Fig.  3  represents  a  good  rubble  wall,  the  stones  being 
bonded  about  every  4  or  5  feet,  as  shown  at  a;  the  largest 


Fis.  s 
and  best  stones  should  be  placed  at  the  bottom  and  at  the 
angles,  as  indicated  at  6,  laid  up  in  alternate  courses  of 
headers  and  stretchers.  Such  work  is  generally  laid  with 
beds  and  joints  dressed  but  very  little,  the  rough  angles  only 
being  knocked  off;  the  stones  are  set  irregularly  in  the  wall 
and  the  interstices  are  filled  with  spalls  and  mortar.  If  better 
work  is  desired,  the  joints  and  beds  of  the  -stonework  should 
be  hammer-dressed.  The  walls  are  frequently  pointed  with 
colored  mortar,  showing  raised  joints. 

8.     Fig,  4  shows  a  form  of  rubble  masonry  much  used 
for   country   and   suburban    work.     The  gueins,   or  uomer 
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stones,  a  are  hammer-dressed  on  top  and  bottom,  and  may 
be  either  cut  stone  or  rock  face;  the  latter  harmonizes  well 
when  stones  similarly  dressed  are  in  the  body  of  the  wal). 


All  joints  should  he  hammer-dressed,  as  shown  at  b,  and  no 
spalls  should  show  on  the  face,  while  the  mortar  joints  should 
not  exceed  i  to  I  inch  in  thickness.     This  makes  an  efiective 
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wall,  especially  for  country  churches,  lodges,  and  other  small 
buildiDgs;   but  the  work  is  expensive,  owing  to  the  labor 


required  in  dressing  the  joints. 
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9.  Field-Stone  Walls. — In  Fig.  5  is  shown  a  tleld- 
stone  -wall.  Walls  of  this  kind  are  built  ol  small,  uncut 
boulders,  and  are  frequently  employed  for  fences  and  rustic- 
house  work.  These  walls  should  be  made  quite  thick  on 
account  of  the  round  and  unstable  shape  of  the  stones  used 
in  their  construction. 

10.  Walls  with  Brick  Quoins. — Fig.  6  shows  a  rubble 
wall  with  brick  quoins,  or  comers,  at  a.     In  this  case,  all  the 
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top  and  bottom  joints  of  the  rubblework  have  levei  beds,  as 
at  ^.  This  makes  a  very  efifective  wall,  and  can  be  built- 
quite  cheaply  when  the  stone  used  splits  readily,  or  can  be 
laid  on  its  natural  bed,  thus  requiring  but  little  dressing. 

11.  Coursed  Hubble. — In  walls  of  coursed  rubble, 
some  effort  is  made  to  produce  a  coursed  eflect,  using  stone 
of  random  sizes;  little  or  no  attention,  however,  is  paid  to 
uniformity  of  height  in  the  diilerent  courses.  For  such 
walls,  the  stones  are  generally  roughly  dressed  by  the  mason 
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before  he  begins  work.  Care  should  be  taken  to  get  _aa 
nearly  parallel  beds  as  possible,  and  to  bring  the  face  of 
each  stone  to  a  fairly  even  surface  at  approximately  right 
angles  to  the  beds.  The  quoins,  or  comer  stones,  in 
coursed  rubble  are  usually  dressed  and  laid  with  more  care 
than  the  remainder  of  the  work,  and  also  serve  as  gauge 
courses.  Coursed  rubble,  when  well  built,  makes  a  very 
solid  wall  and   is  extensively  used. 


I'ig.  7  represents  a  coursed  rubble  wall,  a  showing  the 
nibbJework;  b,  the  quoins;  c,  c,  the  bond  stones  running  through 
ite  walls;  and  def  and  d'  ef  i\  two  of  the  course  joints. 

/  ASHLAR 

12,  Classiricatlon  of  Ashlar. — Stonework  that  is  cut 
on  four  sides  so  that  the  opposite  sides  will  be  at  right 
angles  to  each  other,  is  known  as  ashlar,  no  matter 
whether  the  face  is  dressed  or  not.  In  the  following  descrip- 
'ion  it  should  be  understood  that  the  style  of  ashlar  desig- 
nated has  nothing  to  do  with  the  finish  on  the  face  of  the 
sione,  but  simply  the  manner  in  which  it  is  laid,  although, 
(certain  kinds  of  ashlar  are  generally  made  with  the  styles 
*>' dressing  shown  in  the  illustrations. 

Ashlar  is  usually  laid  either  in  regular  courses  with  con- 
tinuous horizontal  joints,  as  shown  in   Figs.  8,  9,  and  10, 
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or  in  broken  courses,  without  regard  to  continuity  of  the 
joints,  as  shown  in  Figs.  12  and  13.     All  ashlar  should  have 


straight  and  horizontal  bed  joints,  and  the  vertical  joints 
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should  be  kept  plumb.     Failure  to  do  this  mars  the  effect  of 
the  work  very  materially. 
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13.  Coursed  Ashlar. — A  class  of  stonework  ia  which 
the  pieces  are  uniform  in  size  and  the  bed  joints  are  con- 
tinnotis  is  known 'as  coursed  asblar.  When  such  stones 
can  be  obtained  readily,  this  is  not  a  very  expensive  kind 
of  work.  A  coursed -ashlar  wall  is  shown  in  Pig.  8,  where 
a,a  indicates  the  12"  X  36"  ashlar,  and  d  the  backing,  which 
consists  of  12-tnch  rubble. 

14.  A  good  effect  is  produced  by  making  the  courses  of 
two  heights,  but  cut  in  regular  sizes,  and  having  the  ver- 
tical joints  in  alternate  courses  directly  over  one  another. 
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Tbis  class  of  work  is  shown  in  Fig.  9,  in  which  a  is  a  14-inch 
course;  i,  a  6-inch  course;  and  c,  the  backing.  The  latter 
may  also  be  brick,  as  the  ashlar  can  be  well  bonded  into  it. 
If  the  narrow  band  course  b  is  rock-faced,  or  has  some  dif- 
feient  finish  than  the  wide  courses  a,  the  appearance  of  the 
work  will  be  further  improved. 

15.  The  stonework  of  many  public  and  office  buildings 
has  rustic  quoins  and  base  or  band  courses,  as  shown  in 
Fig'  10.     Here,  a  indicates  the  quoins,  having  a  1-inch  bevel. 
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or  chamfer,  at  the  joints;  i,  the  plain,  rubbed,  or  tooled 
stones  forming  the  face  of  the  wall;  c,  the  rustic  band 
course,  having  a  li-inch  chamfer  cut  on  it,  so  as  to  project 
beyond  the  quoins;  and  d,  d,  the  stone  or  brick  backing.  This 
method  of  construction  is  very  expensive,  owing  to  the 
great  amount  of  dressing  required, 

16.  Block-Iu-Conree  Asblar. — In  block- in- course, 
or  blocked  course,  astalar  'work,  all  blocks  of  stone  are 
cut  the  same  height  but  in  different  lengths,  and  no  attempt 
is  made  to  have  the  joints  come  over  one  another.  The 
length  on  the  face  is  usually  two  or  three  times  the  height, 
and  about  one-fifth  of  the  face  should  show  headers,  as  at  a,  a. 
Fig.   11.     These   headers   should   rest   on   long   stretchers 


below  them,  in  order  that  the  wall  may  be  better  bonded. 
As  a  rule,  this  style  of  work  looks  best  in  rock-faced  finish, 
but  any  finish  desired  may  be  used.  Many  quarries  have 
stratified  stone  that  are  just  the  proper  thickness  for  this 
class  of  work,  but  unless  the  Stone  can  be  found  in  such  shape, 
block-in -course  ashlar  work  is  generally  quite  expensive, 

17.  Rand  o  m  -  Co  ur  seel  Ashlar. — The  method  of  laying 
Faudom-coursed  ashlar  avails  is  illustrated  in  Pig.  12. 
In  this  class  of  work,  no  attempt  is  made  to  have  the  vertical 
joints  over  one  another,  and  it  has  only  a  general  arrange- 
ment in  courses,  as  shown. 
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la  regard  to  the  best  methods  o£  proportioning  the  blocks 
and  arranging  the  same  so  as  to  produce  a  harmonious  effect, 
it  is  first  necessary  to  consider  what  the  various  heights  of 
the  blocks  must  be  in  order  to  form  good  longitudinal  bond. 
Assume  the  lowest  heights  at  4  inches — as  a  stone  any 
thinner  than  this  presents  an  appearance  of  weakness — and 
the  greatest  height  at  16  inches — as  any  higher  than  this 
looks  too  heavy  for  random -coursed  ashlar.  The  gradations 
may   then  be  4,  5,  C,  7,  8,  9,  10,  11,  12,  14,  and  16  inches; 


thus  giving  eleven  distinct  heights — a  variety  that,  when 
well  arranged,  produces  a  most  pleasing  effect. 

If  the  three  highest  numbers  are  taken  as  jumpers,  or 
course  levelers,  the  other  numbers  will  agree  with  them  as 
follows:  Take,  first,  16  inches  as  the  jumper:  4  +  5  +  7 
=  16;  4  +  6  +  6  =  16;  4  +  12  =  16;  5  +  11  =  16;  7  +  9 
=  16;  6  +  10  =  16;  8  +  8  =  16;  in  all,  seven  possible 
arrangements.  Again,  take  14  inches  as  a  jumper:  4+10 
=  14;  5  +  9  =  14;  6  +  8  =  14;  7  +  7  =  14;  5  +  5  +  4  =  14; 
or  five  arrangements;  take  12  inches  as  a  jumper:  4  +  8 
-  12;  6  +  7  =  12;  6  +  6  =  12;  4  +  4  +  4  =  12;  or  four 
arrangements. 
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The  next  pomt  to  be  considered  is  the  lengths  of  the 
blocks.  The  bond,  or  the  lap  of  the  stones  over  one  another, 
should  be,  for  the  thinner  blocks,  at  least  6  inches,  and  for 
the  thicker  ones.  8  inches. 

18.  Brokeu  Ashlar. — In  brokeu-asblar  stonew^orlc, 
no  attempt  is  made  to  have  the  stone  run  in  courses,  but 
each  block  is  cut  for  the  location  in  which  it  is  to  £0.  It 
generally  takes  more  time  to  build  broken  ashlar  than 
coursed  work,  and  hence  it  is  more  costly,  owing  to  the 
increased  amount  of  labor  required  to  fit  and  lay  the  dif- 
ferent sizes  of  stone.  This  kind  of  ashlar,  when  properly 
executed,  presents  a  pleasing  appearance.  It  is  generally 
laid  up  as  rock>faced  work,  but  in  some  cases,  it  is  tooled 
or  hammer-dressed.  It  should  have  no  horizontal  joints 
more  than  4  feet  long,  and  several  sizes  of  stone  should  be 
used.     Fig.  13  shows  an  ordinary  broken-ashlar  wall,  2  feet 


thick,  the  sizes  of  stones  used  being  4,  6,  8,  and  12  inches  in 
height;  a  shows  the  quoins  and  b  the  different  sizes  of  ashlar. 
19.  Cutting  Ashlar. — In  cutting  ashlar  for  first-class 
work,  no  stone  should  have  a  smaller  width  of  bed  than  its 
height,  and  the  larger  stones  used  as  jumpers  should  also  be 
worked  in  as  headers  or  binders,  and  should  be  quarried 
accordingly.  The  thinner  stones  should  not  be  narrower 
than  8  inches  on  their  beds;  otherwise,  the  facing  in  some 
parts  will  be  too  light.     All  the  beds  of  the  various  widths 
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should  be  cut  true  to  the  square,  or  the  width  of  bed  will 
be  of  little  value;  the  backs  should  also  be  roughly  cut  to  a 
true  lioe  for  the  purpose  of  haviug  the  work  solidly  built, 
as  pinning  up  and  packing  in  large  quantities  of  spalls  is,  to 
say  the  least,  poor  practice,  and  should  not  be  permitted. 

Tbe  vertical  joints  may  be  cut  a  "  little  slack"  to  the  square 
on  the  back,  thus  forming  a  dovetail  of  the  mortar;  but  the 
greatest  care  should  be  taken  to  cut  the  level  beds  true,  so 
as  to  prevent  rain  water  from  soaking  into  the  wall. 

If,  where  the  headers  are  placed,  the  interior  beds  of  brick 
or  nibble  do  not  come  exactly  together  with  the  facework, 
[he  best  remedy  is  to  have  on  hand  a  quantity  of  bluestone 
slips  that  can  be  used  as  levelers.  No  headers  for  good  work 
should  be  shorter  than  16  inches  on  bed,  and  the  headers 
shonld  be  placed  from  4  to  6  feet  apart  in  each  course. 

20.  Uresslns  Ashlar. — In  dressing  ashlar,  the  first 
fiotsh  to  be  considered  is  the  plain  rock  face,  which,  although 
the  simplest,  is  not  the  least  effective.  The  block  must  first 
be  cat  true  and  square  all  around,  forming  beds  and  vertical 
joints,  after  which  straight  lines  are  drawn  around  the  edges, 
about  2  inches  from  the  face  of  the  block,  and  made  perfectly 
oni  of  wind  with  one  another.  Then  a  wide  pitching  tool 
is  ttsed  to  cut  along  these  lines,  knocking  off  the  surplus 
malcrial  and  leaving  the  face  free  from  tool  marks.  If, 
however,  the  block  is  very  large  on  the  face,  it  is  sometimes 
necessary  to  regulate  this  face  by  using  a  pointed  tool, 
working  from  the  center  outwards,  and  obliterating  the  tool 
■narks  as  the  work  proceeds.  When  finished,  the  face  should 
have  a  somewhat  regular  broken  appearance,  with  about 
2-inch  projections  from  the  setting  arris.  Sometimes,  window 
and  door  openings  are  left  rock-faced  in  the  reveal,  but  such 
practice  leaves  the  lines  of  these  openings  too  undefined  and 
unshapely.  It  is  considered  that  the  best  method  is  to  cut 
the  reveals  clean  in  all  openings,  and  finish  with  either  an 
fli  or  a  bush  hammer,  Tbe  regular  band  courses  should 
also  be  clean  cut,  as  by  so  doing  the  surface  is  broken  up 
mnJi  better  and  the  rock-faced  work  is  shown  off  by  contrast. 
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21.  The  second  method  of  dressing  ashlar  consists  in 
cutting  a  margin  draft — about  la  inches  wide  and  neatly 
axed  or  droved — around  the  face  of  all  Ihe  openings,  and 
also  a  margin  draft,  about  »  inch  wide,  around  every  stone. 
This  entails  a  great  deal  of  labor,  however,  and  its  appear- 
ance does  not  justify  the  cost.  It  is  better  adapted  for 
regular  coursed  work. 

22.  Best  Stone  for  Ashlar. — The  hardest  kinds  of 
rock  are  best  suited  for  ashlar  masonry,  as,  in  pitching,  the 
spalls  fly  off  more  easily  and  leave  the  fracture  in  sharp 
lines,  whereas  with  the  softer  kinds  of  rock,  the  fracture  has 
a  bruised  and  crushed  appearance,  which  ts  not  at  all  pleasing. 
The  best  stones  to  use  are  the  granites  and  the  most  compact 
blue  stones  and  sandstones. 

23.  ILaylng;  Out  Ashlar. — If  ashlar  in  regular  courses 
and  sizes  is  to  be  used,  drawings  should  be  made  showing 
each  different-sized  stone,  the  heights  of  the  courses,  and 
other  necessary  details.  The  drawings  for  public  and  office 
buildings  usually  show  every  stone,  unless  broken  ashlar  is 
used,  in  which  case  it  is  only  necessary  to  show  the  quoins 
and  jambs  on  the  drawings,  together  with  enough  of  the 
ashlar  to  indicate  the  character  of  the  work  desired.  It  is 
almost  impossible  to  carefully  follow  a  drawing  showing  all 
the  stones  laid  as  broken  ashlar. 

24.  Backing.— The  expense  of  ashlar  masonry  is  such 
that  it  is  commonly  used  merely  as  a  facing,  being  backed 
with  either  rubble  masonry  or  brickwork.  It  is  only  on 
works  of  great  importance  and  solidity  that  it  is  used 
throughout  the  whole  thickness  of  the  wall.  In  general, 
the  term  "ashlar"  applies  to  the  facing,  or  veneering,  of 
stone,  or  to  the  stones  that  constitute  the  facing. 

Both  stone  and  brick  are  used  for  backing,  but  in  most 
cases  brick  is  the  cheaper,  and,  hence,  is  more  extensively 
used.  When  using  brick  for  the  backing,  the  joints  should 
be  made  as  thin  as  possible,  employing  cement  mortar  so  as 
to  avoid  shrinkage,  and  this  backing  should  never  be  less 
than  S  inches  thick. 
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Wlieo  a  hard  laminated  stone  with  flat  parallel  beds  can 
be  obtained,  it  should  be  used,  as  it  is  considered  to  be  a 
stronger  backing  than  brick.  Irregular  rubble  walls  should 
not  be  used  for  dwellings  higher  than  two  or  three  stories, 
unless  the  walls  are  made  at  least  one-fourth  thicker  than 
Then  brick  backing  is  used.     All  backing,  whether  of  brick 


Fio.  11 

01  Stone,  should  be  carried  up  at  the  same  time  and  built  in 
courses  of  the  same  thickness  as  the  ashlar.  This  is  illus- 
irated  at  a  in  Fig.  14  (a)  and  (b). 

If  the  courses  are  not  over  12  inches  high,  they  are  usually 
bonded  sufficiently  to  the  backing  by  making  every  other 
course  thicker,  and  by  having  one  through  bond  stone  to 
every  10  square  feet  of  wall,  as  shown  at  d  in  Fig.  14  (a) 
and(ft).  Tbismethodis 
called  a  toothed  bonding. 

25.     Fastening 
Tbin  Aslilar.— i! 
though  not    so   strong  i 
as  a  toothed  bond,  an  [ 
ashlar  facing  of  from  2 
to  4   inches    in   thick-  ^°- « 

less  is  often  used,  especially  when  marble  or  other  expen- 
sive stones  are  employed  in  the  construction.  In  such 
cases,  each  piece  of  ashlar  should  be  tied  to  the  backing  by 
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at  least  one  iron  clamp,  or  anchor,  similar  to  that  shown  in 
Fig.  15,  while  if  the  stones  are  more  than  3  (eet  long,  two 
anchors  are  generally  used.  All  iron  clamps,  or  anchors, 
should  be  either  galvanized  or  dipped  in  hot  tar  or  asphalt, 
to  prevent  the  formation  of  rust  on  them. 

Belt  courses  extending  8  inches  or  more  into  the  wall 
should  also  be  laid  about  every  6  feet  in  height  to  give  sup- 
port to  the  ashlar.  When  a  wall  is  faced  with  thin  ashlar, 
the  effective  bearing  strength  is  only  that  given  by  the  thick- 
ness of  the  brick  or  stone  backing,  the  facing  not  being 
relied  on  for  that  purpose. 

26.  Ashlar  BoDtling. — When  two  kinds  of  ashlar  are 
to  be  bonded  together  particular  care  should  be  taken  to  see 
that  the  various  courses  are  brought  to  the  right  height.  In 
Fig.  16  is  shown  an  example  of  a  building  where  the  main 
part  is  constructed  of  coursed  ashlar  and  the  two  towers  at 
the  comers  are  built  of  broken  ashlar.  These  two  styles  of 
masonry  form  an  internal  bond,  which  might  be  called  an 
inverted  eorji^r.  It  will  be  noticed  that  the  courses  in  the 
broken  ashlar  are  so  arranged  that  they  come  level  with  the 
joints  in  the  coursed  ashlar,  thus  permitting  the  two  parts 
of  the  building  to  be  toothed,  or  bonded,  together. 


SPECIAL    STONES 

87.  Bond  Stones  and  Templets.— Strictly  construed, 
bond  stones  and  templets  are  not  ashlar;  but  as  more  or  less 
dressing  is  necessary  on  them,  they  are  considered  as  being 
ashlar. 

All  piers  above  a  certain  size  require  bond  stones  to  pre- 
vent them  from  splitting.  The  course  of  brick  placed  under- 
neath should  be  brought  to  an  exact  level  to  receive  the 
stone;  otherwise,  the  weight  above  may  cause  it  to  crack  or 
become  displaced.  Only  strong  stones,  such  as  granite, 
bluestone,  and  hard  trap  rock,  should  be  used,  and  they 
should  be  cut  to  the  full  size  of  the  pier. 

28.  Bearing  stones  placed  under  the  ends  of  beams 
and  girders  to  distribute  the  weight  more  evenly  on  the 
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wall  are  called  templets.  The  pressure  per  square  inch 
allowed  on  the  brickwork  or  stonework  in  the  wall  under 
the  templet  as  specified  by  the  building;  laws  of  the  town 
in  which  the  building  is  being  erected,  governs  the  size  of 
the  templet  required,  and  is  usually  from  100  to  200  pounds. 
It  is  better,  however,  to  make  templets  too  large  rather 
than  too  small.  A  hard  and  tough  stone  should  always  be 
employed,  and  the  usual  rule  is  that  the  thickness  of  the 
stone  should  be  one-third  of  the  smallest  surface  dimension, 
except  when  very  large  stones  are  used;  but  the  least  thick- 


ness should  be  4  inches.  When  a  wooden  girder  rests  on  a 
templet,  a  good  plan  is  to  place  a  flat  stone  above  the  end  of 
the  girder,  so  that  the  wall  will  rest  on  the  stone  and  not  on 
the  wood.  This  is  advisable  for  the  reason  that  when  the 
wood  shrinks  the  settlement  may  cause  cracks  in  the  wall. 
29.  Quoins. — The  corner  stones  of  a  wall  are  known 
as  quoins,  and  they  are  often  dressed  differently  from  the 
other  stones  in  order  to  make  them  more  prominent.  Quoin 
stones  should  always  be  equal  in  size  to  the  largest  stone 
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used  in  the  ivall;  otherwise,  the  effect  of  strength  and  solidit; 
that  they  are  intended  to  produce  will  be  lost.  Sometimes 
the  quoins  in  a  rubble-stone  wall  are  built  of  brick. 

30.  Jamb  Stones. — The  stones  in  the  sides  of  a  door 
or  window  opening  are  called  Jamb  stones.  The  alternate 
ones  should  extend  through  the  width  of  the  wall  to  insure  a 
good  bond.  Fig.  17  represents  cut-stone  jambs  in  a  rubble 
wall:  a  shows  the  jamb  stones  bonding  into  the  wall  trans- 
veisely;  b,  those  bonding  longitudinally;  c,  the  stone  window 
sill;  and  d,  the  riibble  wall. 

31,  Occasionally,  when  stone  piers  or  pilasters  are  built 
on  the  outside  of  a  building,  the  windows  are  recessed  so 
thai  the  projection  of  the  sills  and  lintels  will  not  be  so 


noticeable.     This  is  shown  in  Fig.  18,  in  which  a  shows  the 
lintel;  4,  the  sash;  and  c,  one  of  the  jamb  stones. 

Jambs  and  quoins  are  often  finished  with  a  draft,  or  angle 
line,  especially  when  the  softer  stones  are  used.  Fig.  19 
shows  this  method  of  finishing:  a  indicates  the  quoin  or 
jamb  stone,  as  the  case  may  be;  b,  the  angle  draft;  and  c,  . 
the  broken  ashlar  wall. 
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TRIMMINGS 

m  trimmtngs,  as  generally  used,  includes 
ourse,  sills,  caps,  and  other  cut  stone  (except 
ornamental  purposes. 

or  such  work  should  be  of  good  quality, 
s  closely  dressed  and  the  ends  square  and 
ed.  The  faces  may  be  pitched  oS,  but  all 
etc,  should  be  cut  or  rubbed.  When  a  brick 
imed  with  stone,  great  care  should  be  taken 
nmings  set  properly,  so  that  it  will  not  be 
lit  the  courses  of  brick  below  or  above,  for 
e  will  spoil  the  appearance  of  the  building. 
i  and  Drips. — The  tops  of  all  cornices,  belt 
»uld  have  an  outward  and  a  downward  pitch 
as  shown  at  6,  Pig.  20.     If  the  top  is  level  or 


slopes  inwards,  rain  will  collect,  and  in  time  will  cause  the 
disintegration  of  the  mortar  in  the  adjacent  joints  and  finally 
penetrate  the  wall.  The  beveled  surfaces  are  called  cashes. 
On  the  under  side  of  the  cornices,  etc.,  drips  should  be  made, 
to  prevent  rain  water  from  flowing  down  the  face  of  the  wall. 
At  a.  Fig.  20,  is  shown  the  drip;  at  b,  the  wash  of  the  cornice; 
and  at  c,  the  stone  cut  to  a  sharp  angle,  to  shed  part  of  the 
water  from  that  edge. 
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Window  sills  should  also  have  a  drip  cat  in  them,  as  shown 
at  a.  Fig.  21,  to  keep  the  walls  below  from  becomine  dis- 
colored  by  dirt  washed  ofiE 
the  sills  by  rain. 


LINTELS 

34.  A  lintel,  often  called 
a  cap,  is  a  stone  that  supports 
the  wall  over  a  door  or  a 
window  opening;  and,  as  it 
must  resist  bending  stress,  it 
should  be  a  strong  tough  stone 
having  an  ample  cross- 
section.  The  ends  of  stone 
lintels  should  not  be  built  into 
the  walls  more  than  is  neces- 
sary to  eive  sufficient  bearing;  ^"'  ^ 

4  to  6  inches  at  each  end  is  the  usual  allowance.  There  should 
be  a  little  play  allowed  at  each  end,  so  that  the  lintels 
can  yield  slightly  without  crackine  if  the  walls  on  either 
side  settle  unevenly. 

35.  Strengtli  of  lilntels: — A  lintel  acts  as  a  beam,  and 
hence  the  ordinary  beam  formulas  will  apply.  For  uniformly 
loaded  beams,  the  brealcing  load  is  found  as  follows: 

Kale. — Multiply  twice  the  breadth,  in  inches,  by  the  square 
ol  the  depth,  in  inches,  and  also  by  the  proper  constant.  Divide 
the  product  by  the  span,  in  feet;  the  quotient  will  be  the  break' 
i»g  weighl  for  a  uniformly  loaded  beam. 

Expressed  as  a  formula,  this  rule  is: 

2bd'A    ^    ry    • 

in  which  b  •=  breadth,  in  inches; 

d  =  depth,  in  inches; 
L  —  span,  in  feet; 
A  =  constant; 
JV  »  breaking  load,  in  pounds. 
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ight  is  concentrated  at  the  center,  the  breaking- 

instead  of  IV. 

e  of  the  constant  A  is,  for  blnestone,   125;    for 

I;   for  limestone,  83;   for  marble,  103;   for  slate, 

ir  sandstone,  60. 

Dula  is  practically,  the  same  as  that  given  for 

I  a  previous  Section,  the  only  difference  beine 

e  breadth  of  the  beam  varies, 

en  the  weight  oo  a  lintel  consists  of  a  dead  load 

liable  to  shocks,  such  as  masonry,  one-sixth  of 

g  load  may  be  taken  as  safe.     If,  however,  the 

ject  to  live  loads  of  any  kind,  not  more  than  one- 

breakiiig  load  should  be  taken.  In  such  cases, 
,0  avoid  the  use  of  stone  lintels,  unless  reinforced 
r  beams. 

imple,  let  it  be  required  to  find  the  breaking  load 
one  lintel  10  inches  wide,  24  inches  high,  and 
between  supports,  and  uniformly  loaded.     Using 

■_  2xl0x^i!4'xm  .  2„5  ,„  ^^^^^ 

le-sixth  of  this,  gives  34,286  pounds  as  the  safe 
isCributed  load. 

levtng  litntels. — Often  when  a  long  lintel  is 
an  opening,  the  stonework   above   the  lintel  is 


shown  in  Fig.  22,  in  which  a  is  the  lintel,  and  I 
luK  Uutel,   or   stone   above   it  cut  with    two 
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diaeonal  joints,  as  at  c,  c.  In  this  way,  some  of  tbe  load  is 
taken  off  tbe  lintel  and  transferred  to  tbe  wall  on  botb  sides 
of  the  opening. 

When  a  lintel  extends  througrb  tbe  wall  and  is  not  sup- 
ported by  angles  or  beams,  the  strength  may  be  increased, 


if  the  stone  is  stratified,  by  cutting  it  in  such  a  manner  that 
the  layers  will  set  on  edge,  as  shown  at  a.  Fig.  23.     This 
procedure,  however,  may  cause  the  face  of 
the  lintel   to   flake   off   if   the   layers   of 
stratification   are   thin   and   not   securely 
jobed  together. 

38.  When  considerable  weight  rests 
™  a  stone  lintel,  a  brick  receiving  arch 
"lay  he  used;  but  unless  much  skill  is 
«ercised,  this  will  detract  from  the 
appearance  of  tbe  building,  especially  if 
'^  arch  extends  through  the  entire  thick- 
Mss  of  the  wall.  To  avoid  this  result,  if 
stone  of  sufficient  depth  cannot  be  used, 
"^  lintel  may  be  strengthened  by  the  use 
of  iron  beams  or  angles.    When  tbe  lintel  ^^^  ^ 

«  of  moderate  length,  it  is  sufficient  to  use 
"piece  of  angle  iron,  as  shown  in  Fig.  24,  in  which  a  is  tbe 
•tone  lintel;  b,  the  angle,  which  should  have  its  longer  side 
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1  wooden  beam  to  which  the  interior  woodwork 
the  brick  wall;  and  e,  the  window  reveal. 

aam  Sapports. — When  the  width  of  the  opening 
3le,  stone  lintels  should  be  supported  on  I  beams, 
weight  of  the  lintel  and  wall  is  to  be  carried,  a 
va  may  be  used,  as  shown  in  Pig;.  25,  in  which  a 
le  stone  lintel;  b,  the  I  beam;  c,  the  wooden  beam 


Pio.as 
;  wood  finish  is  attached;  d,  the  reveal;  and  ir,  the 

addition  to  the  walls,  the  floorbeams  over  open- 
e  carried,  it  is  best  to  use  two  I  beams,  as  shown 
n  which  a  is  the  stone  lintel;  b,  6,  the  I  beams, 
:r  by  bolts  and  separators;  £,  an  iron  plate  OQ 
all  rests;  d,  a  fioorbeam;  e,  the  window  reveal; 
ick  wall, 

an  be  avoided,  the  best  plan  is  not  to  support  the 
wall  on  both  stone  and  steel  or  wooden  beams, 
tion  of  each  material  is  different,  making  it  prac- 
ssible  for  each  to  carry  its  proper  share  of  th» 


ioy  Google 


§28  STONE  MASONRY  26 

bad.     The  weight  should  preferably  be  borne  by  the  steel 
beams  alone. 

40.  Bullt-Up  lilntels. — It  is  sometimes  necessary  to 
use  a  stone  lintel  10  or  12  feet  long,  which  is  difBcult  to 
obtain  in  a  single  piece.     In  such  a  case,  the  lintel  may  be 


z 


made  in  sections.  At  least  three  stones  should  be  used,  and 
the  joints  should  be  cut  as  shown  at  a,  a,  Fig.  27.  When  cut 
ID  this  manner  the  stones  are  self-supporting.  The  end- 
pieces  may  be  built  into  the  wall  for  a  considerable  length, 

so  as  to  act  as  cantilevers  supporting  the  middle  section.    IE 

snch  long  lintels  are  used,  however,  it  is  better  to  carry  them 

on  I  beams,  as  shown  in  Figs.  26  and  26. 
As  it  is  well,  in  brickwork,  to  avoid  placing  a  pier  directly 

on  top  of    the    lintel,   in   stonework,    also,   try    to    place 

ill  openings  directly  above  one  another. 


8ILL3 

4],  iMfc  and  Blip  Sills. — In  masonwork,  sill  is  the 
name  given  to  the  stones  that  form  the  bottom  of  the  win- 
dow and  door  openings  in  stone  or  brick  walls. 

Lug  eiile  have  flat  ends,  or  lugs,  built  into  the  wall. 
These  lugs  should  not  enter  the  walls  over  4  Inches,  and 
should  be  bedded  on  mortar  only  at  the  ends.  If  a  sill  is 
bedded  solid  and  settlement  occurs,  it  will  probably  be  frac- 
tured at  the  jamb  line,  as  the  pier  or  side  walls  will  likely 
settle  more  than  the  wall  under  the  opening.  The  joints 
inder  the  sills  should  be  filled  when  the  finished  walls  dre 
cleaned  down. 
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Slip  sills  are  made  just  the  widtfa  of  the  opening,  and  are 
not  built  into  the  walls,  being;  put  in  place  after  the  frame  is 
set.  Slip  sills  are  cheaper,  but  do  hot  look  so  well  as  lug 
sills;  besides,  there  are  exposed  vertical  joints  at  the  ends 
into  which  water  will  penetrate.  Any  settlement  of  the 
masonry  is  not  liable  to  break  a  slip  sill,  and  hence  they  are 
often  used  in  the  lower  parts  of  heavy  buildings. 

42.  All  sills  should  have  a  bevel,  or  wash,  of  about 
1  inch  to  the  foot,  extending  to  the  back  of  the  reveal,  as 
shown  in  Fig.  28,     They  sometimes  have  a  straight  beveled 


surface  the  full  length  of  the  sill,  the  brickwork  being  made 
to  fit  the  stone.  This,  however,  is  not  good  pi  actice,  as  such 
construction  permits  water,  running  down  the  jamb,  to  enter 
the  joint  between  the  brick  and  the  stone;  the  sloping  upper 
face  also  forms  an  insecure  bearing  for  the  wall  resting  on 
it.  In  Fig.  28  is  shown  the  proper  method  of  cutting  tho 
surfaces:  a  indicates  the  flat  end  of  the  lug  sill,  carrying 
the  brickwork  reveal  c;  b  shows  the  bevel,  or  wash;  and  d, 
the  drip. 
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COPINO 
43.  Coping  Stones. — If  no  cover  is  put  on  the  top  of 
a  wall,  rain  will  wash  out  the  joints  between  the  brick  or  the 
stone.  For  this  reason,  parapet  walls  and  those  constructea 
in  a  similar  manner  are  capped  with  a  wide  stone  called 
coping.  Terra  cotta  is  also  occasionally  used  for  this  pur- 
pose. The  upper  surface  of  the  coping  should  be  pitched, 
as  shown  at  a.  Fig.  29,  and  should  have  a  drip  on  the  under 
side,  as  shown  at  b.  The  coping  should  be  about  3  or 
4  inches  wider  than  the  wall.    Horisontal  coping  stones  are  - 


often  clamped  together  at  their  ends  to  prevent  them  from 
becoming  displaced. 

Gable  copings  should  be  anchored  either  by  bond  stones 
ot  by  long  iron  ties,  A  form  of  coping  that  is  considerably 
used  is  shown  in  Fig.  30,  in  which  a  is  the  coping;  ,:,  the 
corbel;  and  b,  the  bottotik  stone,  sometimes  known  as  the 
™f'«",  which  should  always  be  well  bonded  into  the  wall. 

In  Some  cases,  the  coping  is  cut  in  steps,  so  that  each  stone 
'"'l  have  a  horizontal  bearing  on  the  wall.  This  method  of 
taping  is  objectionable,  however,  on  account  of  the  increased 
number  of  joints.     It  is  well  to  have  long  pieces  of  coping, 
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i  the  number  of  joints — a  cojnmon  length  is 
t  piece  cut  as  shown  at  a,  Fig.  31,  should  be 


Fio.  30 

rvals  to  securely  bond  the  coping  to  the  wall. 
[s  do  not  necessarily  have  to  be  pitched"  on 


ihould  project  on  both  sides  of  the  wall  and 
:ach  edge  so  as  to  shed  the  rain  water. 
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are  marble  monoliths,  quarried  in  Maryland.  For  a  good 
class  of  work,  if  the  column  is  not  over  8  feet  in  height,  the 
shaft  is  generally  so  cut,  with  the  cap  and  base  separate. 

When  a  column  is  to  be  formed  of  several  pieces,  the 
stones  composing  the  different  parts  should  be  very  care- 
fully cut,  having  the  abutting  surfaces  between  the  cap, 
base,  and  shaft  perfectly  plane  and  perpendicular  to  the 
axis  of  the  column,  in  order  that  the  pressure  may  be 


evenly  distributed  over  the  entire  surface  of  the  joints.  For 
the  joints,  nothing  but  cement  mortar  should  be  used, 
which  should  not  be  allowed  to  come  within  {  inch  of  the 
edge  of  the  joint,  in  order  to  prevent  the  edges  of  the  stones 
from  spalling. 

If  the  column  is  built  against  a  wall,  thus  forming  what  is 
called  a  pilaster,  the  cap  and  base  should  be  bonded  to  the 
wall,  either  by  extending  them  into  it  or  by  securing  them 
to  it  with  galvanized-iron  clamps,  or  anchors. 
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46.  Entablatures. — An  entablature  is  that  part  of  the 
stractare  which  spans  a  porch,  or  entrance,  opening,  and  is 
supported  by  columns.  All  the  stones  composing  the  entab- 
lature should  be  well  tied  together  with  clamps  and  anchors, 
particularly  at  the  outer  angles.  Porch  cornices  are  some- 
times tied  to  the  main  structure  by  long  rods  enclosed  in  the 
masoDwork,  so  as  to  prevent  the  porch  from  settling  away 
from  the  building. 

An  example  of  an  entablature  is  shown  in  Fig.  33,  which 
represents  the  cornice  of  a  porch.  In  this  figure,  a, «  are 
the  two  facial  stoues  forming  the  inside  and  outside  of  the 
entablature;  b,  the  iron  clamp,  or  anchor,  holding  them 
together;  c,  the  lower  portion  of  the  cornice,  showing  the 
dentils;  d,  the  upper  part,  showing  the  corona;  and  e,  the  bot- 
tom member  of  the  architrave,  or  lower  portion  of  the 
entablature.  

8TONB    STEPS 

47.  In  laying  steps,  it  is  important  to  see  that  they  are 
firmly  supported  at  each  end,  but  are  left  free  in  the  middle. 
If  the  stones  forming  the  steps  have  a  bearing  along  their 


entire  length,  they  might,  after  a  slight  settlement  in  the 
foundations,  rock  from  side  to  side  when  stepped  upon,  or 
they  might  crack.  In  order  to  strengthen  extra-long  steps, 
however,   it   is   sometimes   necessary   to    insert   a   middle 
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49.  Iron  staircases  are  very  extensively  nsed  in  fireproof 
construction.  The  treads,  and  sometimes  the  risers,  are 
marble  slabs,  while  slate,  being  cheaper,  is  also  considerably 
Dsed.  Staircase  railings  for  stairwajrs  having  stone  or  iron 
steps  are  often  elaborately  finished,  and  are  generally  made 
of  iron,  which  is  doweled  into  the  ends  of  the  steps. 


MASONRY  DETAILS 


CARE  OF  STONEWOBK 

50.  PolDtlnK.— The  effects  of  the  weather  on  the 
exposed  edges  of  the  joints  in  masonry  usually  cause  the 
mortar  to  crumble  and  fall  out.  For  this  reason,  it  is  cus- 
tomarr  to  refill  the  joints  to  a  depth  of  from  i  to  1  inch, 
with  specially  prepared  mortar.  This  operation  is  called 
pointing. 

Pointing  is  generally  done  as  soon  as  the  walls  are  com- 
pleted, bnt,  if  the  season  is  too  far  advanced,  it  should  be 
deferred  until  spring.  Under  no  circumstances  should  it  be 
done  in  freezing  weather,  nor  in 
extremely  hot  weather,  as  then  the 
mortar  will  dry  too  rapidly.  The 
most  durable  mortar  for  pointing  is 
made  of  equal  parts  of  Portland 
cement  and  sand,  adding  such  color- 
ins  matter  as  may  be  desired,  and 
mixing  with  just  enough  water  to 
liive  a  plastic  consistency. 

51.    To  point  a  joint,  first  rake 
ottt  the  old  mortar  to  a  depth  of  f 
about  }  inch,  and  clean  the  joint  I 
thoroughly  with  a  wire  brush.    The  ' 
joint  should  then  be  made  wet  so 
that  the    pointing    mortar   will  ''"*• 

adhere  to  the  stone,  after  which  the  mortar  is  applied  with  a 
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ntin^    trowel,   and    thoroughly   pressed    in    and    siven 

mooth  surface  with  a  tool  called  a  jointer.  , 

n  Fig.  36  (a)  is  shown  a  concave-edged  jointer,  and  at 

,  a  convex-edeed  jointer.     It  will  he  seen  that  the  jointer 

es  either  a  raised  or  a  sunken  joint,  as  may  he  desired. 

:  latter  is  the  more  durable  joint,  but  the  first  makes  the 

ter  looking  job. 

^e  different  forms  of  pointing  are  shown  in  Fig.  37,  in 


ich  a  indicates  the  concave  joint;  b,  the  convex;  and  c, 
convex  projecting  beyond  the  face  of  the  stone, 

i2.  Cleanlnfi. — After  pointing,  it  is  usually  necessary 
remove  the  mortar  stains,  etc.  from  the  face  of  the  wall. 
is  may  be  done  by  scrubbing  the  stonework  with  a  brush 
ped  in  water  containing  muriatic  acid,  the  proportions 
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being  about  twenty  parts  of  water  to  one  part  of  acM.  For 
cleaning:  granite  and  limestone,  wire  brusiies  are  used,  and  for 
sandstones  and  other  soft  stones,  stiff  bristle  brushes  usually 
serve  the  purpose.  The  stonework  should  be  scrubbed  until 
all  mortar  stains  are  removed. 

The  sand  blast,  worked  by  either  steam  or  compressed  air, 
does  the  work  of  cleaning  walls  very  effectively  and  rapidly; 
it  removes  the  outer  layer  of  the  discolored  stone,  and  leaves 
a  fresh,  bright  surface.  Even  fine  carvings  have  been  very 
successfully  cleaned  by  this  method. 

63.  Protecting  Stonework. — The  durability  of 
masonry  may  be  somewhat  increased  by  covering  the 
exposed  surfaces  with  a  preservative,  but  of  the  many 
preparations  for  protecting  stonework  none  is  cheap  or 
satisfactory. 

Lead-and-oil  paint  is  the  most  generally  used  for  this  pur- 
pose,  but,  while^it  may  be  temporarily  effective,  it  spoils  the 
appearance  of  the  stonework  and  requires  frequent  renewals, 
owing  to  the  action  of  rain  and  other  atmospheric  influences. 

Boiled  linseed  oil  is  also  sometimes  used,  but  it  darkens 
the  color  of  the  stone.  To  apply  the  oil,  the  surface  of  the 
stone  is  first  washed  clean  and  dried;  the  wall  is  then 
covered  with  one  or  more  coats  of  oil,  and  finally  washed 
with,  weak  ammonia,  which  makes  the  coloring  more  even. 
Oil  thus  applied  will  last  4  or  5  years. 

Another  preparation  consists  of  paraffin,  mixed  with 
creosote,  the  whole  being  dissolved  in  turpentine.  The 
purpose  of  the  creosote  is  to  prevent  vegetable  growths  on 
the  stone.  Before  applying  the  preparation,  the  stone  should 
be  beated;  the  melted  compound  is  then  applied  with  a  brush. 
It  will  penetrate  some  kinds  of  stone  to  a  depth  of  i  inch. 

54.  Sylvester's  process  consists  in  the  application  of  two 
washes,  the  first  composed  of  a  hot  solution  of  Castile  soap 
ID  water,  and  the  second  of  alum  water,  which  is  applied 
about  24  hours  after  the  soap  solution.  This  process  has 
been  found  more  or  less  successful  when  the  stone  is  not 
subjected  to  great  variations  of  temperature. 
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Another  method,  known  as  Ransome's  process,  has  been 
used  m  England  with  good  results,  and  consists  in  applying 
a  solution  of  silicate  of  soda  or  potash  to  the  clean  surface 
of  the  stone  until  it  is  thoroughly  saturated.  When  this 
has  dried,  a  solution  of  chloride  of  calcium  is  applied,  the 
effect  of  which  is  to  produce  an  insoluble  silicate  of  lime, 
thus  forming  a  waterproof  coating. 


STRENGTH  OP  HASONRT 

55>     In  Table  I  are  given  the  safe  loads  that  different 
classes  of  masonry  will  sustain. 

TABLE  I 

STRENGTH    OF    MASONRT 


Rind  of  Masonry 


Load  per 

Square  Inch 

Pounds 


Rubble  sandstone,  in  lime  mortar  .... 
Rubble  limestone,  in  lime  mortar  .... 

Bricks,  hard,  in  lime  mortar 

Bricks,  hard,  in  Rosendale-cement  mortar 
Rubble  limestone,  in  cement  mortar  .  . 
Rubble  sandstone,  in  cement  mortar     .    . 

Squared  sandstone 

Bricks,  hard,  in  Portland- cement  mortar  . 
Concrete,  1-2-4  Portland  cement    .... 

Squared  granite 

Sandstone  capstone 

Limestone  capstone 

Granite  capstone 


300 
350 
350 
Soo 
700 


56,  A  column  of  good  stone  that  is  carefully  set  and  has 
well-dressed  bearing  surfaces  should,  if  its  height  is  not 
over  (en  times  its  diameter,  safely  carry  a  load  about  one- 
fifteenth  of  the  breaking  load  of  stone  of  the  same  quality. 
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Table  II  gives  the  safe  bearing  values  for  differeot  kinds  of 
stone  columns  when  the  shaft  consists  of  a  single  piece. 

57.  A  column  should  not  carry  a  greater  weight  than 
40  tons  to  the  square  foot,  for,  while  the  stone  itself  might 
carry  mach  more,  the  mortar  joint  is  the  weaker  part,  and 
hence  is  most  likely  to  fail.     When  a  column  is  loaded  with 

TABLi:  II 

SAfE  LOADS  ON  STONE  COLUMNS 


Kind  of  Stone 


Load  per 

Square  Foot 

Tons 


Sandstottes-^ 

Potsdam,  New  York,  best    .    .    .    . 

Longmeadow,  Massachusetts,  best 

Hanitou,  Colorado,  best 

Ohio 

Fond  du  Lac,  Wisconsin 

Limeilimes — 

Glens  Falls,  New  York 

Indiana      

Marble— 

Good  quality 


40 


o«r  15  tons  to  the  square  foot,  it  should  be  set  in  Portland- 
cement  mortar  made  of  equal  parts  of  cement  and  sand. 
This  mortar  should  be  laid  within  1  inch  of  the  face,  so 
that  when  the  building  is  finished  and  the  mortar  has 
thoroughly  set,  the  joints  may  be  pointed  without  raking 
them  out.  If  a  column  consists  of  several  pieces,  the  joints 
should  not  exceed  iV  inch  in  thickness,  and  the  bed  surfaces 
should  be  very  finely  dressed,  perfectly  true,  and  perpen 
dicular  to  the  axis  of  the  column. 
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DMKNT  or  STONEWORK 
Stone  and  Rubble. — At  the  quarry, 
wo  classes:  dimension  stone  and  rubble. 
insists  of  those  pieces  that  are  quarried 
nd  to  a  fixed  size;  they  are  usually 
in  area  and  over  8  inches  thick.  This 
ally  sold  by  the  cubic  foot,  and  costs 
nes  as  much  as  rubble, 
ieces  of  various  sizes  and  shapes  that 
Frying  the  larger  stones.  It  is  suitable 
courses  are  12  inches  or  less  in  height 
over  24  inches  long.  Generally  speak- 
irried  to  a  certain  size  may  be  termed 
e  is  usually  sold  by  the  carload,  or  in 
:he  perch,  and  in  some  localities  by 

Methods. — The  methods  of  measurin£ 
{factory,  owing  to  the  great  difference 
parts  of  the  country.  Dimension- stone 
ly  measured   by  the   square  foot.     If 

or  irregular  stones,  the  footings  are 
th  the  walls,  with  allowance  for  the 
is  usually  measured  by  the  perch, 
varies  from  16  to  25  cubic  feet,  being 
Eastern  States,  16i  feet,  by  custom,  in 
22  to  25  cubic  feet  in  various  other 

precaution  to  prevent  disputes  when 
red  by  the  perch  is  to  agree  on  the 
n  a  perch,  and  also  in  regard  to  deduc- 
[f  this  is  not  done,  the  custom  of  the 
i  probably  govern  in  case  of  disagree- 
es,  rubble  work  is  measured   by  the 

feet  or  by  the  cord  of  128  cubic  feet, 
nonly  figured  the  same  as  rubble. 

iry  is  almost  invariably  measured  hy 
>3t  depending  on  the  kind  of  work  and 
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the  site  of  the  stones.  It  is  usual  to  deduct  openings  in 
ashlar  work;  when  the  width  of  the  jambs  of  windows  is 
more  than  the  depth  of  the  ashlar,  the  jambs  are  usually 
measured  in  with  the  facework.  FlaEsing  and  all  thin 
pieces  or  slabs  are  also  figured  b;  the  square  foot. 

Moldines,  belt  courses,  and  cornices  are  usually  measured 
by  the  lineal  foot,  but  if  the  shapes  are  not  regular  they  are 
figured  by  the  cubic  foot.  All  carved  work  is  estimated  by 
the  piece. 

Trimmings  are  sometimes  figured  by  the  cubic  foot,  the 
price  varying  with  the  amount  of  labor  required  in  dressing. 
Probably  the  most  accurate  way  of  iiguring  this  class  of 
work  is  to  first  estimate  the  value  of  the  rough  stone  and 
then  that  of  the  labor  involved  in  the  different  classes  of 
work,  the  resulting  prices  being  per  lineal  foot.  This  method 
is  tbe  one  usually  employed  in  figuring  granite  work. 


INSPECTION 

61.  The  inspector  or  superintendent  should  be  very 
careful  to  have  the  work  properly  done  during  erection,  both 
in  cutting  and  setting  stone,  for  if  an  imperfect  piece  is  once 
set  in  place  it  cannot  be  removed  without  considerable 
tronble.  The  stones  must  also  be  carefully  examined,  as 
otherwise  many  cracked  and  defective  ones  may  be  used, 
either  by  accident  or  design. 

62.  Stone  Detects. — Granite  may  contain  cracks, 
black  or  white  lumps  known  as  ktiols,  and  a  brownish  stain 
called  sap.  When  such  defects  are  found,  the  stone  should 
be  rejected,  if  the  importance  of  the  work  justifies  it. 
Cracks  are  the  main  things  to  guard  against,  however,  and 
tbey  may  be  detected  by  the  absence  of  the  clear  ringing 
soQitd  when  the  stone  is  struck  with  a  hammer. 

Sand  holes  are  frequently  found  in  sandstones.  These  are 
bodies  of  uncemeated  sand  that  become  dislodged  by  jarring 
^  b;  the  action  of  water  and  produce  a  pitted  appearance 
ud  an    uneven  color.    Attention  must   also   be  paid  to 
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securing  uniformity  of  color,  as  sandstone  from  different 
parts  of  the  same  quarry  may  vary  greatly  in  this  respect. 

63.  Patching. — Patching  is  often  resorted  to  when  a 
piece  has  been  broken  from  a  stone.  Instead  of  using  a  new 
stone,  the  old  one  is  patched  by  gluing  on  the  spall  with 
shellac,  the  joint  being  hidden  by  rubbing  stone  dust  over  it. 
Rain,  however,  will  wash  out  the  shellac.  There  are  times 
when  a  patch  is  allowable,  as,  for  example,  when  a  new  stone 
cannot  be  had  without  great  expense  and  delay.  In  such  a 
case,  the  superintendent  may  permit  patching  to  be  done, 
but  care  should  be  taken  to  put  on  the  spall  by  inserting  it, 
when  possible,  in  a  square  hole,  or  dovetailing  it  in  such  a 
way  that  it  will  not  become  displaced. 

64.  Faults  in  Dresslnf;  Stone. — The  common  faults  of 
cut  stone  are  coarseness  and  poor  workmanship.  In  dressing 
stone,  builders  will  avoid  any  work  beyond  that  necessary 
to  make  the  material  barely  acceptable  to  the  inspector. 

Frequently,  the  ends  of  cornices,  belt  courses,  etc,  will  not 
properly  match.  It  should  be  strictly  required  that  the  utmost 
care  be  taken  in  cutting  all  similar  pieces  to  the  same  pattern, 
and  that  the  abutting  surfaces  be  closely  dressed, 

65.  Lajinft  Stone'work. — In  erecting  stonework,  care 
should  be  exercised  to  have^the  stone  set  on  the  natural  bed, 
with  good  joints,  and  not  in  too  small  nor  in  too  thin  pieces. 
The  bed  joints  in  ashlar  work  should  be  square  to  the  face 
of  the  work,  and  not  less  than  4  inches  wide  at  both  top  and 
bottom.  The  proper  bonding  of  the  walls,  especially  for 
the  ashlar  and  for  the  trimmings,  should  be  given  very  care- 
ful attention,  as  well  as  the  placing  of  lintels,  copings,  wall 
anchors,  etc. 

Another  point  that  requires  attention  is  the  formation  of 
the  joints  on  which  great  pressure  comes;  the  mortar  should 
be  kept  back  from  the  face,  so  that  the  edges  of  the  stones 
will  not  be  chipped  off.  Also,  in  pointing,  the  joints  should  be 
well  raked  out  and  the  pointing  mortar  properly  laid.  Many 
other  precautions  for  the  good  performance  of  the  work  will 
doubtless  suggest  themselves  to  the  careful  superintendent. 
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ARCHES  AND  ARCH  CONSTRUCTION 


INTRODUCTION 

1.  The  origin  of  the  stone  arch  is  lost  in  antiquity.  In 
the  ancient  city  of  Nippur,  unearthed  in  recent  years  by  the 
excavation  of  explorers,  are  found  the  remains  of  sewers 
whose  lops  were  built  of  rough  stones  in  the  form  of  arches. 
Just  when  these  arched  drains  were  built  is  not  known,  but 
they  certainly  dated  back  many  centuries  before  the  Christian 
era.  It  was  not,  however,  until  during  the  rise  of  the 
Roman  Empire  that  the  arch  came  into  use  as  an  architec- 
tural feature,  and  ever  since  then  it  has  been  employed  more 
or  less  in  building  construction.  Today  the  arch  is  not  used 
as  much  as  in  former  years,  owing  to  the  expense  of  build- 
ing and  the  extensive  employment  of  steel  beams  to  span 
large  openings. 

2.  Historical  Examples. — ^The  medieval  architects 
used  the  arch  very  extensively,  as  will  be  seen  from  Figs.  1 
and  2,  which  are  examples  given  by  Viollet-le-Duc,  the  cele- 
brated French  architect,  in  his  famous  writings.  In  Fig.  1 
is  shown  the  keep  in  the  Chateau  de  Coucy  built  by  Enguer- 
rand  III  in  the  year  1225.  Here,  all  openings  are  spanned 
by  arches,  and  the  floors  are  supported  by  groined  arches, 
as  shown.  The  niches  in  the  lower  story  are  divided  into 
halves  by  arches,  as  shown  at  a,  a,  the  lower  part  being  used 
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for  storage,  while  the  upper  part,  extending  into  long  nar- 
row openings  in  the  outer  wall,  are  used  for  light  and 
defense  in  time  of 
war.  The  wall  at  the 
base  is  almost  18  feet 
thick.  In  the  third 
story,  the  wall  is 
made  thinner,  and 
thus  forms  a  balcony, 
shown  at  b,  which 
enabled  a  large  num- 
ber of  people  to  as- 
semble on  that  floor. 
It  will  be  particularly 
noted  that  all  the 
large  openings  are 
spanned  by  arches. 

3.  The  example 
shown  in  Fig.  2  is  a 
medievalhouse.  The 
passages  that  give 
access  to  the  various 
rooms  are  galleries 
on  the  outside  of  the 
building.  These 
galleries,  however, 
are  of  such  a  height 
as  to  admit  air  and 
light  above  them,  and 
are  supported  by 
piers,  or  buttresses, 
which  have  arches 
sprung  between 
them,  as  shown.  The 
floor,  however,  is  not 
''"'■ '  supported  by  arches 

as  in  Fig.  1,  but  by  wooden  beams.     The  roof  is  also  of 
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wood,  and  is  built  on  a  steep  pitch,  as  was  the  custom  in 
those  days. 

4.  Utility  ot  Arches. — Stone  arches  are  used  in  both 
stone  and  brick  structures,  but  in  some  ways  a  stone  arch 
is  not  as  satisfactory  as  a  brick  one.  Being  composed 
of  a  few  large  pieces  instead  of  many  small  ones — as  is  a 


brick  arch — the  bond  is  not  so  perfect;  and,  consequently,  of 
the  two,  the  stone  arch  is  somewhat  more  liable  to  settle 
and  crack. 

The  amount  of  masonry  in  heavy  piers,  etc,  can,  without 
injuring  the  stability  of  the  structure,  often  he  considerably 
diminished  by  the  use  of  arches,  provided  the  stone  and  the 
footings  are  capable  of  carrying  the  increased  load.  If  ■ 
necessary,  the  pressure  on  the  soil  may  be  distributed  by 
Qsing  inverted  arches. 

6.     Names  ot  Stones  Used  In  Arches. — tn  Fig.  3  is 
shown  a  stone  arch.     In  this  arch  the  skewbacks  b,  b  and  rins^ 
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sloties,  or  voussoirs,  c,  c  are  of  the  same  size  on  the  face. 
These  are  sometimes  made  of  varying  sizes,  but  in  any  case 
the  depth  (back  into  the  wall)  should- vary  as  much  as  may 


be  necessary  for  proper  bonding.  The  abutments  are  the 
piers  from  which  the  arch  springs,  as  shown  at  a,  a. 

6.  Stability  of  Arches. — In  building  construction  it  is 
not  customary  to  determine  the  proportions  of  arches  of 
small  span  by  calculation.  The  appearance  is  often  the  con- 
trolling factor  in  designing  such  arches.  But  when  the 
arches  are  of  considerable  span,  the  position  of  the  line  of 
resistance  should  be  determined.  As  that  is  somewhat  beyond 
the  scop6  of  this  Section,  merely  the  conditions  necessary 
for  stability  will  be  here  mentioned. 

In  relation  to  arches  for  engineering  purposes,  the  well- 
known  authority.  Professor  Rankine,  says:  "The  best 
course  in  practice  is  to  assume  a  depth  for  the  keystone 
based  on  the  dimensions  of  good  existing  examples."  This 
statement  holds  good  in  connection  with  the  construction  of 
the  arches  that  an  architect  ordinarily  has  to  design. 

Having  fijed  the  depth  of  the  keystone,  the  voussoirs  are 
all  made  the  same  height  in  arches  of  small  span,  while  in 
longer  ones  the  ring  stones  vary  in  depth,  increasing 
gradually   from   the   crown   to    the    skewbacks,   so    as    to 
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preserve  a   unifonn   pressure   on   the   stones   as   the   load 
becomes  greater. 

7.  To  insure  the  stability  of  an  'aTx;h,  there  are  two  con- 
ditions besides  the  one  just  mentioned  that  must  be  satisfied. 
One  is  that  the  pressure  shall  not  cause  tlie  opening  o£  the 
joints;  the  other,  that  the  direction  of  the  pressure  shall  not 
be  such  as  to  cause  one  rine  stone  to  slide  on  another. 

These  requirements  are  met  by  making  the  arch  ring  of 
proper  depth,  and  generally  do  not  need  to  be  determined 
theoretically  for  small  arches,  and  are  left  to  the  structural 
engineer. 

8.  Flat  arches — those  having  but  little  rise — give  way 
by  breaking  in  the  four  parts,  opening  at  the  crown  of  the 
intrados  and  at  some  joint  on  the  extrados.  When  a  flat 
arch  breaks,  the  two  upper  parts  fall  inwards  and  press  the 
lower  parts  outwards.  In  pointed  arches,  the  reverse  is  the 
ease,  the  lower  portions  tending  to  fall  into  the  opening 
acd  to  force  the  upper  parts  outwards. 


KIND   OF  ARCHES 

9.  Arches  are  frequently  named  from  the  curve  of  the 
intrados,  as  semicircular,  segmental,  semiellipHc ,  pointed,  etc. 
They  are  also  sometimes  named  from  the  period  in  history 
in  which  they  were  most  | 
used,  as  the  Tudor  arch, 
or  from  a  nation  that  J| 
devised  them,  as  the 
Miorish  arch. 

10.  Early  Arches. 
The  arch  shown  in  Fig.  4  " 
's  an  old  and  primitive  i 
font  of  arch.  It  is  prob-  [ 
ably  the  first  form  of  arch  * 
ever  built,  and  is   there-  "°'  * 

fore  the  starting  point  of  all  arch  construction.     It  possesses 
several  disadvantages  however.     Being  composed  of  only 
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:  stones  are  subjected  to  traosverse  stress  as 
compression.     As  bending  will  cause  tension 
ide  of  the  stone,  and  as  most  stones  are 
in  than  in  compression,  it  follows  that  this 
arch  may  fail  by  bend- 
ing instead  of  by  direct 
compression.     For  this 
reason  the  arch  is  not 
applicable  to  longspans. 
1 1.     Flat    Arches. 
The    arch   shown    in 
Pig.  5  is  Icnown   as   a 
nat   arch,    and   while 
not   chronologically 
''"'■  *  next  in  order  to  the  arch 

it, perhaps  follows  in  simplicity  of  desitjfn. 
ch  is  nsed  extensively  over  windows   and 
I  where  a  flat  soffit  is  desired,  and  very  often 
s.     It  will  be  noticed  that  all  the  voussoirs 
i  and  that  it  would  be  difficult  to  force  one 
s   place. 
I  flat  arch, 
A'ith  a  rise 
t  of  span. 
T  for  any 
:l   might 
mortar  is 

shows 
flat  arch 
1  the  one 

Dut  differ-  "'"■ ' 

in  that  the  voussoirs  are  of  different  sizes, 
les  of  flat  arch  are  used  in  practice,  but  they 
le  same  principle  as  the  ones  just  described. 
I  arch  is  so  flat  as  to  have  practically  no 
at  out  of  one  piece  of  stone,  being  really  a 
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solid  lintel  with  false  joints  cut  on  ita  face,  as  shown  at  a,  a, 
Fig.  7.  The  ends  of  this  lintel  should  have  a  bearing  of 
4  or  6  inches  on  the  wall,  as  indicated  by  the  dotted  lines  6,  b. 


If  the  walls  are  of  brick,  about  2  inches  of  the  front  of  the 
stone  may  be  cut  away  and  faced  with  brick.     If  this  method 
is  too  costly,  the  lintel  may  be  cut  into  three  pieces,  as 
ai  c,  d,   and  e,    and 
supported  by  a  heavy 
anele  bar. 

14.   Segmental 

Arches. — If  the  rise 

of  a  flat   arch   is 

increased,    the    arch 

will  look  like  the  one 

shown    in    Fig.   8, 

which  is  called  a 

segmental    arch. 

The  curve    of   the 

intrados  is   struck 

from  a  center,  as  at  o, 

TTie points  is  always 

helow  the  springing  " 

'ine  in  an  arch  of  this  ''"'"  ' 

character,   and  the  radius  of  curvature  of   the  intrados  is 

always   greater  than  one-half  the   span.      The   arc  of   the 

'itrados  is  usually  struck   from    the   same   center   as   the 

158-14 
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intrados,    although    any    other    form    of    design    tnay    be 
carried   out, 

15.  Circular  Ardies. — When  the  center  of  curvature 
of  an  arch  is  on  the  springing  line,  and  when  the  radius  of 
curvature  is  equal  to  one-haif  the  span,  the  arch  becomes  a 


common  circular  arch,  as  is  illustrated  in  Pigs.  3  and  9. 
In  Fig.  3,  the  arch  ring  is  of  equal  depth  all  around  and  the 
s  are  all  of  the  same  size;  the  dressing  is  rock-faced 


PlO-U 

with  pitched  joints.     Sometimes  the  voussoirs  have  a  margin 
draft,  as  shown  at  i  and  c. 

16.  Arches  that  are  used  in  coursed  ashlar  are  often  built 
as  shown  in  Fig.  9.  In  this  figure,  a  is  the  center  of  curva- 
ture of  the  arch;  from  ^  to  ^  is  the  springing  line;  c,  i:  are  the 
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ring  Stones;  and  d,  d,  the  coursed  stonework.  Arches  of  this 
description  are  more  expensive  to  construct  than  those  in 
which  the  intrados  and  extrados  are  concentric,  on  account 
of  the  greater  number  of  patterns  required,  the  increased 
quantity  of  rough  stone  needed,  and  the  work  necessary  to 
properly  dress  the  voussoirs. 

17.    Rubble    Archea. — For   rough    work,    arches    are 
sometimes    built    of    rubble,    as    shown    in    Fig.    10,   in 


which  b  represents  the  wall  carried  by  the  rubble  arch,  the 
ring  stones  a  o£  which  should  be  narrow  and  roughly  dressed 
10  a  wedge  shape.  Such  arches  should  always  be  laid  in 
cement  mortar,  as  they  depend  considerably  on  the  adhesive 
power  ol  the  mortar  for  their  stability. 

18.  Moorish  Arches.— If  the  center  of  curvature  is 
raised  above  the  springing  line,  as  shown  in  Fig.  11,  the 
arch  is  then  called  a  horscsboe,  or  Moorish,  arcb.     The 
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This  forms  an  arch  known  as  the  t^ro-centered  arcta,  an 
illustration  of  which  is  given  in  Fig.  13.  The  sides  are 
formed  by  circular  arcs  drawn  from  the  centers  a,  a  with  the 
same  radius.  This  method  makes  a  point  in  the  crown  of 
the  arch,  for  which 
reason  it  is  some- 
limes  called  a  pointed 
arch. 

31.  Tenetlan- 
Gothic  Arches. 
Fig.  14  shows  an  arch 
having  the  intrados 
semicircular  and  the 
extrados  pointed. 
Sach  arched  are  found 
in  Venice,  and  are 
sometimes  termed  Tenetl  an -Gothic  arches.  At  a  is  the 
center  for  the  semicircular  intrados;  at  b,  b  are  the  centers 
for  the  extrados,  or  pointed  arch,  and  cc  is  the  springing  line. 


It  will  be  noticed  that  the  more  closely  the  points  b,  b 
approach  each  other,  ths  less  pointed  is  the  arch,  and  that 
when  these  two  points  become  one,  as  at  the  point  a,  the  arch 
isacommon  circular  arch.  Conversely,  as  the  two  centers  of 
curvature  separate,  the  arch  becomes  more  and  more  pointed. 
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22.     Equilateral  Arcbes.- 

arch  known  as  an  equilateral  arch. 

1 


Fig.  15  represents  a  pointed 
In  an  arch  of  this 
character,  the  center 
of  curvature  of  one 
intrados  is  on  the 
curve  of  the  other 
intrados,  and  the  ex- 
trados  are  concentric 
with  their  respective 
intrados. 

23.  liancet 
Arches. — The  cen- 
ters of  curvature  of  a 
two-centered  arch 
may  be  placed  at  a 
still  greater  distance  apart  than  in  the  equilateral  arch  shown 


Fie-   15.     In  Fig.  16  is  shown  an  arch  in  which  these 
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centers  a,  a  are  placed  very  far  apart.  This  arch  is  also 
known  as  lancet  arch.  These  two-centered  arches,  together 
with  the  Iwo-cusped  arch,  about  to  be  described,  and  the 
Tudor  arch,  are  much  used  in  Gothic  architecture, 

24.  Two-Cusped    Arches. — The    two-cusped    arch 

shown  in  Fig.  17  is  really  a  variety  of  two-centered  arch. 
The  extrados  are  made  like  the  extrados  of  a  lancet 
arch,  but  the  intrados  are  the  combination  of  a  circular  arch 
and  a  two-centered  arch.  There  are  so  many  styles  of  this 
arch  that  it  is  impossible  to  lay  down  rules  giving;  any 
definite  j)roportions  between  the  parts. 

25.  Three-Centered  Arches. — Arches  having  an  ellip- 
tic, or  oval,  form  are  often  used  in  architectural  work.    These 


may  be  formed  either  of  true  elliptic  curves,  or  approximately 
of  three  or  more  centered  circular  arcs.  Very  flat  elliptic 
arches  are  not  suitable  for  any  considerable  span,  and,  if  built, 
should  have  large  piers  or  abutments;  or,  beams  may  be 
placed  above  the  arch  to  relieve  it  of  some  of  the  load. 
The  method  of  finding  the  direction  of  the  joints  in  a 
tliree-centered,  or  false,  elliptic  arch  is  shown  in  Fig.  18. 
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s  for  the  middle  of  the  arch  is  a  6;  the  radii  for  the 
:hes  are  the  lines  cd.  The  joints  of  the  voussoirs 
intral  portion  are  drawn  ^ith  a  as  a  center,  as 
c;  and  the  joints  for  the  haunches  are  drawn 
IS  centers,  as  at  //,  etc.  The  distance  between 
nerel;  a  matter  to  be  decided  by  the  taste  of  the 


method  of  finding  the  vonssoir  joints  in  a  true 
I  arch  is  given  in  Fie.  19. 

e  foci  of  the  ellipse  by  striking  arcs  from  c  with  ai 
s,  cutting  the  major  axis  at  d  and  d'.     Let  e  be  the 


■re  the  direction  of  the  joint  is  to  be  found, 
md  d'f,  and  bisect  the  angle  ded',  as  at  ef;  then,; / 
iction  of  the  joint  at  e. 

our-Centered  Arches. — Fig.  20  shows  an  example 
■centered  arch,  also  often  called  a  Tudor  arch. 
istration  the  span  ad  is  divided  into  six  equal  parts, 
etc.  To  find  the  centers  for  the  longer  radii,  with 
centers  and  a  radius  ce,  describe  arcs  intersecting 
'  /c  and  /e,  and  produce  these  lines  to  g;  A,  i,  and  /. 
wo  points  will  be  the  required  centers  for  the  middle 
le  arch.  With  c  and  e  as  centers  and  a  radius  ca, 
res  ag  and  b  k;  with  i  and  /  as  centers  and  a  radius 
be  the  arcs  h  k  and  gk. 
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30,  Bampant  Arches. — Fig.  23  shows  a  rampant 
arch.  Such  an  arch  is  used  in  a  flying  buttress,  as  in  the 
illustration,  or  to  support  a  flight  of  stairs.     To  construct  a 


rampant  arch,  draw  the  base  line  a  b  equal  to  the  horizontal 
length   of   the   span.     At  a,  lay  off   the  desired  angle   of 
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:he  arch  bac.  Draw  a  vertical  line  ic,  inter- 
i  ac  aX  the  point  c.  Bisect  ac  aX  g~,  then,  ag 
the  points  a,  c,  and  g  draw  lines  perpendicular 
e,  and  fgh.     The  latter  perpendicular  ^ A  is 

the  amount  of  rise  it  is  proposed  to  give  to 
fg  is  made  equal  to  gk.  Now,  through  h, 
Je  parallel  to  ac.  Divide  the  line  ac  into  any 
if  equal  parts,  and  divide  ad  and  ee  each  into 
my  equal  parts.  From  A,  draw  lines  to  the 
id  ce  just  found.  From  /,  draw  lines  through 
he  line  ac,  producing  them  to  intersect  these 
at  i,  j,  k,  I,  m,  aiid  n.  These  points,  together 
i  a,  k,  and  c,  lie  on  the  required  curve  of  the 
ally,  the  descending  part  of  the  curve  at  the 

of  the  arch,  namely,  the  part  mnc,  is  omitted, 
3  be  a  source  of  weakness. 
'o  ways  of  finishing  the  sofllit,  if  the  part  of  the 
itioned  is  considered  undesirable.  The  arch 
ed  slightly  larger,  so  that  the  actual  arch  will 
at  its  highest  point  m;  or,  from  this  point  m, 
le  mo  may  be  drawn  to  the  wall  to  complete 
le  latter  method   has   been  followed  in   the 


irve  found  for  the  intrados  is  an  ellipse.  To 
and  foci  of  the  ellipse,  erect  cp  perpendicular 
make  it  equal  in  length  to  g&.  With  ^  as  a 
1  a  radius  ^^,  describe  an  arc,  intersecting  ec 
rawn  from  ^  through^will  give  rs  as  the  major 
irpendicuUr  to  it  at^,  will  be  the  minor  axis, 
tance  gr  as  the  radius  and  with  «  as  a  center, 
cutting  the  major  axis  at  v  and  w.  These 
the  foci  of  the  ellipse,  and  the  joints  between 
'  be  found,  as  at  xy,  by  the  method  previously 
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an  arch  should  be  built  of 
nry,  cut  so  that  the  vous- 
inst  one  another  with  the 
isirable  to  have  very  little 
vidth  of  the  ring  stones  is 
han  2  feet,  and  the  thick- 
m  1  to  3  feet.  The  joints 
e  same  width  throughout 
36  uniform  over  the  entire ' 
nts  depends  somewhat  on 
le  work  is  finely  dressed, 
ile  in  rock -faced  work  it  is 
inch  is  all  that  is  usually 

id  into  an  odd  number  of 
placed  in  position  last. 
masons  in  laying,  and  for 
as  to  be  no  special  reason 
irs,  and  some  authorities 
ss  a  better  job.  Narrow 
in  the  amount  of  material 
or,  as  more  cutting  and 
ones, 

s  are  cut  from  one  stone 
ugh  this  is  generally  done 
1  the  stability  of  the  arch 
iple,  when  the  skewbacks 
remaining  voussoirs,  the 
us  tending  to  strengthen 

-stone  arches  in  buildings 
laving  a  backing  of  a  les? 
!  arches,  especially  when 
;  entrances,  porches,  etc., 
Fig.  26.     In  this  case,  the 
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;hlar  is  backed  with  brick,  and  tied  together  with 
as  indicated  at  /. 

Beams  and  Tie- Rods. — When  an  arch  is  to  be  built 
tion  where  abutments  of  sufficient  strength  to  resist 

thrust  cannot  be  provided,  as,  for  instance,  in  a 
tower  or  near  the  comer  of  a  building,  one  or  more 
iras  should  be  laid  on  the  wall  immediately  over  the 
th  the  ends  resting  on  the  masonry  forming  the 
ts.  Anchor  rods  securely  embedded  should  be  used 
e;ether  the  beams  and  the  stonework.  A  thin  crack 
le  left  without  mortar  under  the  central  portion  of 
ns,  so  that  if  they  deflect  under  the  load,  they  will 

on  the  arch.  By  this  method,  the  abutments  are 
of  the  arch  thrust  due  to  the  load,  which  is,  instead, 
ted  vertically  to  the  supports. 

Iding  a  segmental  arch,  it  is  a  good  precaution,  if 
IS  permit,  to  tie  the  ends  of  the  arch  together  with 
Is  so  as  to  take  up  the  thrust  until  the  mortar  in  the 

has  thoroughly  set. 

Bonding. — Whenever  arches  are  carried  on  piers 
ans,  care  should  be  taken  in  cutting  the  springing 


so  that  they  will  bond  properly  into  the  spandrel 

In  Fig.  24  is  shown  two  arches  springing  from 

1  the  stones  a,  a  are  so  cut  that  the  wedge-shaped 

s  necessary  to  fill  up  the  space  between  them,  there 
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is  danger  that  the  weight  of  masonry  over  b  will  force  it 
down,  and  displace  the  springing  stones  a, a.  To  prevent 
iliis,  the  stones  a,  a  should  be  of  one  piece,  and  those 
marked  c,  c  should  be  cut  so  as  to  make  a  vertical  joint  at  d, 
and  thus  avoid  using  the  wedge-shaped  piece  between  these 
two  ring  stones. 

A  somewhat  similar  case  is  represented  in  Fig.  25.  Here, 
the  back  of  the  arch  extends  almost  to  the  comer  of  the 
wall,  as  shown  at  b.     Should  the  bricic  wall  rest  on  such  a 


small  footing,  it  would  evidently  tend  to  separate  from  the 
arch,  through  some  of  the  lower  bricks  being  thrust  out  of 
place.  The  springing  stone  a  should,  therefore,  be  made  to 
extend  clear  through  the  wall  to  the  face,  and  the  brick 
should  rest  on  the  part  b,  as  shown  at  cd. 

37,  Holdings. — Arches  are  often  decorated  with  more 
or  less  elaborately  dressed  stone,  known  as  label  and  soffit 
■»oldlng8.  The  former  is  sometimes  cut  in  the  ring  stones, 
Iwt  more  often  forms  a  separate  course  of  thin  stone.  If 
SDchis  the  case,  the  stability  of  the  arch  should  not  depend 
Ml  the  strength  of  the  stone  in  the  molding. 
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molding  is  frequently  in  the  form  of  a  bead  and 
e-quarter  round  and  cove,  or  some  similar  shape. 
:hes  are  often  decorated  with  various  devices 
ffits,  especially  in  entrances  to  cathedrals,  public 
ildings,  etc. 

the  label  mold  is  shown  at  a;  the  arch  rinses, 
le  soffit  mold,  at  c,c;  the  brick  backing,  or  filtine, 
;  voussoir  joints,  at  g^.     Every  alternate  pair  of 


lould  be  tied  together  with  galvani zed-iron 
sled  into  the  stones,  as  shown  at  /. 
ters. — In  building  an  arch,  it  is  carried  up  from 
)r  abutments,  at  the  same  time.  During  coo- 
e  stones  must  be  supported  until  the  ring  is 
For  this  purpose,  a  framework  made  of  planks 
side  cut  to  exactly  tit  the  curve  of  the  arch  is 
framing,  known  as  a  center,  is  supported  on 
e  usual  method  is  to  insert  wedges  between  the 
ig  and  the  posts  supporting  it,  which,  when  the 
n  completed  and  the  mortar  has  set,  are  driven 
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out  gradually,  so  as  to  bring  the  load  on  the  arch  rtng  with- 
out shock.  The  center  should  be  strong  enough  to  support 
the  weight  of  the  arch  and  a  portion  of  the  wall  above,  as  no 
weight  should  be  put  on  the  arch  until  the  mortar  in  the 
joints  has  bepome  hard. 

39.  Fig.  27  represents  a  form  of  center  suitable  for 
arches  of  small  span.  At  a,  a  are  shown  the  bearers,  which 
are  cut  out  of  2-inch  plank  and  to  a  radius  about  1  inch  less 


than  that  of  the  intrados  of  the  arch.  At  c,  c  are  indicated 
pieces  of  plank,  nailed  at  the  crown  of  the  center  to  splice 
and  stiffen  it.  Small  bearing  strips  *  about  1  in.  X  2  in.  in 
section  are  nailed  to  the  curved  pieces  a.  At  d,  d  are  shown 
the  longitudinal  braces;  at  €,e,  the  plates  under  the  center 
and  on  top  of  the  posts;  at  /,  /.  the  wedges;  and  at  g,  the 
posts,  which,  if  quite  long,  should  be  braced  at  the  middle 
with  stmts. 
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cbes    of    considerable    span,    centers    more 

ire  necessary.     Fig.  28  shows  a  food  form 

At  a,  a  and  6,  b  are  represented  the  bearers. 


IS  shown;  c  indicates  the  bearing  strips;  e,  the 
tie  inclined  braces;  /,  the  tie-piece;  i,i,  the 
with  wedges  ^,^  between;  and  h,h,  the  side 
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>od  (or  Special  Purposes'. — The  following;  list 
:  as  a  guide  in  selecEing  and  specifpng  the  different 
wood  for  special  requirements,  the  material  being: 
the  order  of  its  durability. 

~ramewark:  Posts,  beams,  sills,  studs,  plates,  joists, 
ling,  etc.;  the  various  kinds  of  pine,  spruce,  and 
ind  Western  hemlock. 

Framework:  Posts,  girders,  floorbeams,  braced 
:or  roof  trusses,  etc.,  such  as  are  used  in  mill  con- 
oak,  long-leaf  or  Georgia  pine,  Douglas  fir  or 
line,  white  pine,  spruce,  and  hemlock. 
'imbers  and  Flagpoles:  Long-leaf  pine,  Douglas  fir, 
:e. 

r  Trim:     White  pine,   Douglas  fir,  redwood,  red 
i  cedar,  and  cypress;  the  last-named  wood  cannot 
imended  for  good  work  on  account  of  its  layers 
■ough  exposure  or  painting. 
■s:     White  pine  (particularly  when  split  and  shaved) , 

cypress.  Western  red  cedar.  Southern  white  cedar, 
:e. 

White  pine,  redwood,  red  and  white  cedar,  cypress, 
Sr,  and  spruce. 
ad  Sleepers  in  Concrete  or  in  the  Ground:     Locust, 

cypress,  redwood,  Douglas  fir,  and  red  and  white 

id  Cribbage:  Oak,  elm,  long-leaf  pine,  black  spruce, 
fir,  cypress,  white  spruce,  and  white  pine;  in  salt 
e  only  the  first  four  named. 

ratned  Doors,  Sash,  Wainscoting,  Etc.:  Old-growth 
te  pine,  Douglas  fir,  redwood,  cypress,  short-leaf  or 
pine,  and  poplar  (the  latter  for  doors  and  wain- 
nly). 

d  Work:  The  inner  layers,  or  cores,  are  usually 
ffhite  pine  or  chestnut — two  kinds  of  wood  that  hold 
■  well.  The  surface  veneers  of  the  various  kinds 
ood  are  usually  i,  A,  and  I  inch  in  thickness;  but 
ed"  mahogany  and  the  more  expensive  woods,  the 
re  cut  as  thin  as  thirty  to  the  inch.     Owing  to  the 
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increased  cost  of  clear  white  pine,  this  material  is  also  being 
Qsed  eztensivel]^  tor  veneers,  and  the  scraps  that  formerly . 
were  used  as  fire-wood,  are  now  utilized  in  building  up  cores 
for  veneered  work. 

Flooring:  Quarter-sawed  maple,  white  oak,  and  Georgia 
pine,  for  heavy  service,  such  as  in  stores,  offices,  and  factories, 
and  white  pine,  Douglas  (it,  cypress,  spruce,  short-leaf  pine, 
and  hemlock  for  dwellings.  ' 

Parquet  flooring,  or  flooring  laid  in  short  strips,  forming 
geometric  patterns,  is  usually  composed  of  mahogany,  oak, 
cherry,  birch,  or  maple. 

.  Linen  Closets:  Fragrant  red  cedar  from  Alabama  or 
Florida. 

Interior  Trim:  White  pine,  long-leaf  pine,  Douglas  fir, 
redwood,  cypress,  spruce,  short-leaf  pine,  and  poplar.  All 
the  hardwoods  are  used  for  high-grade  interior  work,  but 
all  framing  and  paneling  should  be  veneered;  for  durable 
work,  the  material  must  be  properly  kiln-dried,  and  should 
not  be  installed  in  the  building  until  the  plastering  is 
thoroughly  dry. 

Furniture:  Mahogany,  rosewood,  walnut,  ebony,  oak, 
cherry,  birch,  maple,  beach,  redwood,  cedar,  pine,  and  bass- 
wood.  The  rarer  woods  are  usually  employed  in  inlaid  work, 
called  marquetry. 

Counter  and  Table  Tops:  Birch,  cherry,  and  teak  are  excellent 
materials  for  the  tops  of  tables  and  couiiters,  especially  those 
Dsed  in  restaurants,  pantri'js,  and  kitchens,  where  they  are 
washed  almost  constantly.  Although  mahogany  is  largely 
used  for  this  purpose,  it  will  be  found  that  water  will  render 
it  spongy  and  absorbent,  and  the  color  will  soon  be  reduced 
to  a  dull,  grayish  brown. 

DECAY  AND  PRESERVATION  OP  TIMBER 
3.  Decay  of  Timber. — If  sound  timber  is  placed  in  a 
dry,  well-ventilated  position,  or  is  entirely  submerged  in 
water,  it  should  last  for  centuries.  Old  age  is  evident  when 
the  wood  becomes  weak  and  brittle.  Decay,  or  rot,  may  be 
cauied  by  the  presence  of  sap,  conditions  that  tend  to  the 
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mination  and  attacks  of  fungi,  and  alternate  wetting  and 

ing  of  the  material..  Damp  earth,  damp  walls,  and  con- 
with  mortar  hasten  decomposition,  and  warm,  humid  air 
lack  of  ventilation  are  also  causes  of  deca^.  Timber 
from  trees  that  have  lost  their  vigorous  growth  either 

disease  or  by  old  age  is  weak,  brittle,  and  perishable. 

:  decay  in  this  case  works  up  from  the  roots  and  forms 

en  heart  'wood. 

.  Dry  Bot. — The  disease  of  timber  known  as  dry  rot 
aused  by  confining  timber  in  a  position  where  there  is  no 
ulation  of  air,  which  promotes  a  growth  of  fungus  that 
I  into  the  fibers  and  reduces  them  to  a  powder.  The 
fus  first  appears  like  a  frost,  and  then  spreads  in  fine 
:ad-like  lace  over  the  surface,  eventually  forming  a  veg- 
)Ie-like  growth  with  spreading  leaves. 
iry  rot  occurs  in  joists  and  floors  over  warm,  unventtlated 
tions  of  cellars;  in  unseasoned  beams  and  joists  built 
dty  into  walls;  in  heels  of  trusses  incased  in  box  cast- 
I  shoes  which  prevent  sap  from  escaping;  in  floor  joists 
sleepers  embedded  in  mortar;  in  wall  plugs  driven  into 
ip  walls;  in  flooring  covered  by  impervious  material, 
1  as  oilcloth,  linoleum,  rubber  tiles,  etc.,  which  prevent 
access  of  air  and  retain  dampness. 

barring,  tarring,  and  painting  unseasoned  timber  also 
ie  dry  rot. 

.  Wet  Bot.  — The  condition  called  wet  rot  may 
ir  in  growing  timber,  being  caused  by  rain  entering  it 
lUgh  cleavages  and  wounds  in  the  tree;  in  piled  timber, 
to  too  long  exposure  outdoors  and  not  being  under 
iv,  and  in  framework,  posts,  piles,  and  exterior  wood- 
k  subjected  to  alternate  dampness  and  dryness.  Exterior 
idwork  should  be  well  air-seasoned  before  being  erected, 
joints  and  ledges  being  so  formed  as  to  prevent  the 
fment  of  moisture,  and  then  protected  by  painting, 
shing  porch  floors  with  a  hose  rots  them  more  quickly 
1  does  the  action  of  rain,  as  in  the  former  case  a  great 
[  of  the  water  is  forced  into  the  joints  of  the  floor,     Thf 
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woodwork  in  kitchens,  laundries,  and  other  places  where 
much  scrubbing;  is  done  soon  siiccnmbs  to  wet  rot.  As  wet  rot 
spreads  and  attacks  the  sound  timber,  the  diseased  portions 
should  be  cut  out  in  all  work  where  durability  is  required. 

6.  Methods  .  of  Freservlng  Timber. — In  general, 
building-construction  timber  can  be  preserved  for  an  indef- 
inite time  by  giving  attention  to  a  few  simple  requirements. 
It  is  well  to  remember  that  timber  requires  plenty  of  pure, 
fresh  air,  which  suggests  that  the  spaces  it  occupies  should 
be  well  ventilated;  also,  it  should  be  kept  as  dry  as  possible, 
andwhere  exposed,  it  should  have  a  coating  that  is  impervious 
to  moisture. 

Enduring  Work. — For  enduring  work  the  timbers  should  be 
thoroughly  seasoned  before  being  put  in  place.  Thus,  the  sap 
will  be  evaporated,  all  valuable  gums  in  the  wood,  by  harden- 
iBg,  will  become  fixed,  and  fermentation  is  not  likely  to  occur. 
JoisU  Built  Into  Walls. — Air  spaces  should  be  left  around 
all  beams  and  joists  built  into  walls.  A  good  plan  is  to  insert 
slates  on  each  side  of  the  timber  as  the  walls  are  built,  pulling 
them  out  before  the  brickwork  or  masonry  is  corbeled  over 
the  spaces. 

Posts  in  cellars  should  rest  on  stone  or  metal  bases,  at  least 
3  inches  above  the  finished  floor  level. 

Basement.  Partitions. — If  made  of  wood,  basement  partitions 
should  rest  on  brick  dwarf  walls,  at  least  three  courses  above 
the  floor  level. 

Basement  Floors. — Spaces  under  wooden  basement  floors 
should  be  well  ventilated,  and  where  the  soil  is  of  a  clayey 
nature  and  retains  moisture,  the  surface  should  be  covered 
vith  cement  concrete  and  finished  with  a  coating  of  hot  liquid 
asphalt.  This  precaution  is  also  necessary  for  footing  courses 
of  masonry  where  moisture  is  apt  to  rise  up  into  the  brick 
and  stone  walls  by  capillary  attraction  and  thus  aGfect  the 
woodwork. 

Posts  Set  in  the  Ground. — Posts  that  are  to  be  set  in  the 
ground  should  be  made  of  well-seasoned  material,  and  should 
'either  be  charred  by  burning  or  be  coated  with  coal  tar.    They 


itizecoy  Google 


CARPENTRY  §31 

set  in  the  ground  butt  up;  that  is,  in  a  direc- 
bat  in  which  the  tree  grew.  B7  following; 
been  found  that  moisture  from  the  earth 
9  readily.     The  sap  valves  in  the  wood  open 

root,  and  when  thus  reversed  they  prevent 
I  ascending. 

'  Washing. — Floors  that  receive  much  wash- 
rch  floors,  should  have  the  matched  joints 
irhite-  or  red -lead  paint. 
eeni  to  Stonework  or  Brickwork. — Door  and 
rainscoting,  and  trim  adjacent  to  stone  and 
1  also  be  well  coated  with  paint  similar  to 
jd. 

'osts  for  porches  should  not  be  placed  in 
:b  the  floors,  as  rainwater  and  water  used 
ds  the  pores  of  the  wood  and  causes  decay, 
re  used  to  isolate  posts  from  floors. 
-The  trim  used  on  the  outside  of  buildings 
soned.  All  joints  should  be  carefully  made, 
he  lodgment  of  water;  they  should  also  be 
re  being  put  together.  After  the  priming 
nd  cracks  should  be  filled  with  white  lead 

the  entire  woodwork  should  then  be  prop- 
linting  at  least  every  3  years. 
ductors  should  be  regularly  examined  for 
tters  are  placed  on  the  roof  or  are  sunk 
ch  damage  may  be  done  to  the  roof  before 
oticed.  Where  practicable,  gutters  should 
:  obstructions,  overflows,  and  leaks  will  do 
o  the  woodwork  as  possible. 

%'>*  Timber. — "Bleeding"  pine  trees  for 
lich  only  the  long-leaf  and  Cuban  pine  are 
jnerally  been  regarded  as  injurious  to  the 
rability  and  strength,  it  was  claimed,  were 
process,  and  in  the  specifications  of  many 
ge  consumers,  such  as  railway  companies, 
"  timber  was  excluded. 
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Since  the  production  of  resin  is  one  of  the  leading  indus- 
tries of  the  South,  and  since  the  process  affects  several 
millions  of  dollars'  worth  of  timber  every  year,  a  special 
investigation — involving  mechanical  tests  and  physical  and 
chemical  analyses  of  the  wood  of  bled  and  unbled  trees  from 
the  same  locality — was  carried  out  by  the  Division  of  For- 
estry, United  States  Department  of  Agriculture.  The  results 
oE  the  tests  prove  conclusively  (1)  that  bled  timber  is  as 
strong:  as  unbled  if  of  the  same  weight;  (2)  that  the  weight 
aad  shrinkage  of  the  wood  is  not  affected  by  bleeding; 
(3)  that  bled  trees  contain  practically  neither  more  nor  less 
resin  than  imbled  trees,  the  loss  of  resin  referring  only  to 
the  sap  wood,  and,  therefore,  the  durability  is  not  affected 
by  the  bleeding  process. 

Table  I  shows  the  remarkable  numerical  similarity  between 
the  average  results  for  three  groups  of  trees,  the  higher 
values  of  the  bled  material  being  readily  explained  by  the 
difference  in  weight. 

TABIiB  1 

RESULT    OP    TESTINQ    BLED    TIMBER 


Long-Uaf  Pmo 

Number 
of  Tests 

Weight  of 

TestPieces 

Pound  per 

Cu.  Ft. 

Bee  dine; 
StrcDgth 

Pounds  per 
Square 
Inch 

Compression 

Strength 
Pounds  per 
Square  Inch 

Unboxed  trees  .    .    . 

Boied  and  recently 
abandoned     .   .  . 

Boxed  and  aban- 
doned 5  years   .    . 

400 
S3S 

.46i 
.49* 
.47I 

I2,3S8 
12,961 
12,586 

7.166 
7.813 
7.S7S 

The  amount  of  resin  in  the  wood  varies  greatly,  and  trees 
Powing  side  by  side  differ  within  very  wide  limits.  Sap 
food  contains  but  little  resin  ( 1  to  4  per  cent. ) ,  even  in  those 
trees  in  which  the  heart  wood  contains  an  abundance.  In 
tbe  heart  wood,  the  resin  forms  from  6  to  24  per  cent,  of  the 
^  weight  (of  which  about  one-sixth  is  turpentine),  and 
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cannot  be  removed  by  bleeding,  so  that  Us  quantity  remains 
unafEected  by  the  process. 

Bled  timber,  then,  is  as  useful  for  all  purposes  as  unbled, 
for  it  is  seen  from  the  foregoing  that  bleeding  does  not 
impair  the  strength  of  timber;  neither  is  its  durability 
materially  affected.  These  tests  settle  this  often  disputed 
pomt  conclusively,  and  it  needs  no  further  discussion. 


STRUCTURE  AND  GROWTH 

8.  General   Remarks. — A   general   knowledge  of  the 

properties  and  kinds  of  timber,  the  laws  of  growth  and 
development,  the  characteristics  of  good  timber,  its  natural 
defects,  its  conversion  into  building  material,  its  shrinkage 
during  the  process  of  drying,  mod£s  of  drying,  etc.  is  very 
important  in  order  to  judge  intelligently  the  value  of  the 
material  and  to  provide  for  its  disposition  and  arrangement 
so  as  to  secure  the  most  stable  and  permanent  construction. 

9.  To  suit  the  purposes  of  the  carpenter  and  joiner,  the 
tree  should  not  be  cut  until  it  has  reached  the  period  of  mature 
growth;  soon  after  this  growth  is  reached,  the  heart  begins 
to  decay,  hence  the  necessity  of  cutting,  or  felling,  as  it  is 
called,  at  the  proper  time.  After  felling,  the  trunk  and  the 
larger  branches  are  cut  into  suitable  lengths,  in  which  condi- 
tion it  is  classified  as  Umber,  but  when  cut  up  into  planks,  etc. 
it  is  generally  called  lumber. 

10.  Divisions  or  Trees. — There  are  three  divisions  of 
trees,  each  being  classified  in  accordance  with  its  respective 
mode  of  growth:  (1)  The  exogenous,  or  outward  growers,  in 
which  the  stem  increases  by  the  formation  of  annual  layers 
deposited  around  the  outside  of  the  preceding  layer;  such  as 
oak,  chestnut,  pine,  hemlock,  etc.  (2)  The  endogenous,  or 
inward  growers,  in  which  the  woody  matter  is  formed  on 
the  inside  of  the  stem,  of  which  the  palmetto  tree  is  an 
example.  (3)  The  acrogenaus,  or  summit  growers,  in  which 
the  stem  is  produced  by  the  lower  stalks  of  the  leaves  grow- 
ing together,  such  as  tree  ferns. 
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11.  Exogenona  Groivtha. — The  first  division,  or  the  ' 
exogenous  method  of  development,  is  the  one  that  fur- 
Dishes  the  timber  for  the  wood  worker.     By  examining;  the 
section  of  a  youne  oak  tree,  such  as  shown  in  Pig;.  1,  which 
is  a  microscopic  enlarg:ement  of  a  section  of  a  stem  having 

3  years'  growth,  it  is  found  to  have  three  well-detiaed  kinds 
of  tissue:  the  pith,  the 
woody  layers,   and  the 
bark.    At  the  core,  or 
heart,  at  a,  is  seen  the 
nuduUa,  or  pith,  which 
is  composed  of  cellular 
tissue— a  net-like  fabric 
of  cells,   resembling  a 
honeycomb;    at   b,    the 
wiullary    sheath     sur- 
rounds the  pith  and  is 
composed  of  spiral  ves- 
sels and  fiber  ducts  tor  the  conveyance   of   the  sap;    this 
constitntes  the  inner  layer  of  the  first  year's  growth.     At  c 
are  the  wood  cells,  or  fiber  tubes,  composing  the  successive 
annual  layers,  which  are  formed  in  a  series  of  concentric 
riags;  each  annual  layer,  as  shown  at  t,  2,  and  3,  is  called 
a  zme,  or  circular  belt. 

12,  Observe  that  there  is  a  well-defined  line  of  separa- 
tion between  each  pair  of  zones.  About  one-half  of  the  width 
of  [he  zone  is  occupied  by  bundles  of  fiber  tubes  containing 
l^ee  sap  vessels  h,  h,  whose  walls  are  pitted  and  dotted  as 
shown  (this  portion  represents  the  spring  growth),  while  the 
reniainder  of  the  width  is  filled  with  fiber  tubes  of  much 
(closer  texture  (this  portion  represents  the  summer  growth). 
Ill  ash,  chestnut,  and  oak,  the  vessels  h,  h  are  easily  observed. 

The  line  of  separation  is  caused  by  the  suspension  of  the 
Powth  of  the  stem  during  winter.  When  the  tree  is  young, 
the  tissue  is  open  and  spongy  and  filled  with  various  fluids, 
but  in  process  of  time,  it  becomes  thickened  and  firm  and 
the  ducts  close,  the  thickening  of  the  tissue  commencing  with 


itizecoy  Google 


10  CARPENTRY  §31 

the  layer  first  formed.  For  this  reason,  the  best  timber  is 
secured  from  mature  trees,  as  the  fibers  have  then  become 
compact  and  firm,  and  are  less  sensitive  to  changes  of  tem- 
perature when  once  well  seasoned.  Both  young  and  second- 
growth  timber  are  unfit  for  all  purposes  where  strength, 
durability,  and  "staying  qualities"  are  required,  the  last- 
named  quality  being  a  most  essential  one  for  wood  used  by 
the  carpenter  and  the  joiner. 

13.  Heart  Wood  and  Sap  Wood. — Much  difEerence  as 

to  strength  and  appearance  exists  between  the  mature,  com- 
pact, inner  layers  of  the  heart  wood,  called  duramen,  and 
the  layers  of  the  sap  wood,  called  alburnum.  In  the  former, 
the  fibers  are  firm  and  dense  and  possess  a  deep  rich  color, 
while  in  the  latter  the  fibers  are  open,  porous,  and  filled  with 
sap  and  usually  have  a  pale  color.  The  sap  wood  possesses 
little  strength,  and  the  sap  it  contains  is  largely  composed 
of  a  sugary  substance,  which  invites  the  attack  of  insects  and 
hastens  decay, 

14.  Tree  Zones. — When  zones  are  visible,  the  age  of  a 
tree  may  be  ascertained  by  counting  them.  Frequently, 
however,  their  growth  is  interrupted  by  severe  frosts  and 
other  conditions,  causing  a  line  of  separation.  Several  lines 
may  be  formed  in  one  year,  and  thus  lead  to  an  erroneous 
estimate.  That  part  of  the  tree  which  is  more  fully  exposed 
to  the  sun  will  be  found  to  have  wider  layers  than  the  other 
part;  hence,  the  pith,  or  heart,  is  seldom  in  the  center  of  the 
stem.  Softwoods  usually  possess  wider  zones  than  the 
hardwoods,  and  it  will  be  observed  that  much  difference 
exists  between  the  width  of  the  zones  in  the  same  tree. 

As  in  the  animal  kingdom  there  are  three  periods  of  exist- 
ence, namely,  infancy  and  youth,  vigorous  life,  and  declining 
vitality  and  decay,  so  also  a  similar  series  exists  in  the 
vegetable  kingdom.  When  the  tree  is  most  vigorous,  it 
produces  the  largest  zones.  In  the  oak,  this  occurs  between 
the  twentieth  and  the  thirtieth  year,  after  which  its  produc- 
tive power  is  gradually  lessened,  and  as  it  grows  older  the 
zones  become  smaller. 
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15.  Camblniu  Iisyer. — Between  the  inside  of  the  bark 
and  the  woody  layers  is  located  the  cambium  layer,  as 
shown  at  dd.  Fig.  1,  which  consists  of  a  cellular  tissue  like 
the  pith,  but  contains,  in  addition  to  the  cell  sap,  the  rich 
life-^vine  secretion  called  protoplasm^  without  which  the  tree 
cannot  live.  This  layer  possesses  the  property  of  baildins 
np  the  woody  formation  by  the  product  of  ever-increasing 
cells,  and  only  by  the  vital  energy  of  this  layer,  also  called 
the  ihkkening  zone,  can  the  tree  increase  in  diameter. 

10.     Composition  of  Bark. — The  bark  consists  of  three 
distinct  layers.     The  Inner,  or  bast,  layer  ee.  Fig.  1,  is 
composed  of  woody  fibers  combined  with  a  cellular  tissue, 
which  retains  a  flexible,  rubber-like  elasticity  and  allows  it  to 
expand  as  the  woody  layers  are  produced  by  the  cambium. 
The  central  layer  //  is  comprised  of  prismatic  cells  and 
tubes  filled  with  juices,  while  the  outer  layer  gg  is  com- 
posed of  a  corky  substance  of  cellular  structure.     During 
die  growth  of  the  tree  there  is  a  continual  distending  and 
separating  of   the   fiber  and 
cellular  tissue  composing  the 
baric,  which  is  renewed  and 
strengthened  by  means  of  the 
cambium  layer. 

17.     Medullary  Rays. 

In  the  stem  of  several  trees, 
especially  the  oak  and  the 
locust,  lines  that  radiate  from 
the  center  of  the  tree  will  be 
observed;  these  are  called 
medullary  rays.  When 
they  connect  the  pith  to  the 
bark,  as  at  it.  Fig.  1,  they 
are  called  primary  rays;  but 
where  they  extend   through  *''°- ' 

only  a  portion  of  the  stem  they  are  called  secondary  rays. 
These  medullary  rays,  generally  called  silver  grain,  when 
exposed  on  the  surface  of  the  cut  lumber,  consist  of  a  series 
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o!  vertical  plates,  or  sheets.  Originally  of  cellular  tissue, 
they  have  become  flattened  by  compression  until  they 
resemble  sheets  of  mica;  they  are  not,  however,  continuoss 
vertically,  but  are  buckled  and  present  a  serpentine  outline, 
when  exposed  on  the  edge,  as  shown  in  Fig.  2.  On  the  end- 
cut  in  the  figure,  the  medullary  rays  are  marked  a,a,  while 
the  porous  fibers  of  the  zones  are  marked  6,  b,  and  the  close 
or  denser  ones  are  marked  c,c. 

The  appearance  of  the  silver  grain,  or  medullary  plate, 
when  cut  nearly  parallel  with  its  direction  is  shown  at  a',  a';  it 
is  the  presence  of  these  medullary  rays  that  gives  so  much 
beauty  to  quartered  oak.  The  rays  are  prominent  also  in 
beech  and  sycamore,  but  are  not  so  well  defined  in  birch, 
chestnut,  and  maple. 

IS.     Stracture  ot  the  Stem. — The  strncture  of  the 

stem,  as  it  presents  itself  to  the  observer  on  examining  the 
end  of  an  oak  or  an  ash  tree  of  13  years'  growth,  is  shown 
in  Fig.  3,  in  which  the  porous  fibers  or  sap  vessels  of  the 
coarser  texture  are  shown  at  a,  a;  the  closer  texture  at  b,b; 
the   primary  medullary 
rays  at  i,  i,  and  the  sec- 
ondary ones  at  j,  j;  and 
the    zone    of   the    bark 
at  c,  c. 

In  temperate  climates, 

the  process  of  growth 

may  be  thus  described: 

In  the  spring,  the  roots 

extract  the  juices  (gen- 

'''"■  ^  erally  called  crude  sap) 

requisite  for  vegetable  growth  from  the  earth;   this  crude 

sap  circulates  from  cell  to  cell  and  through  the  fiber  tubes, 

and  ascends  and  forms  the  leaves. .  At  the  upper  surface 

of  the  leaves,  under  the  influence  of  light,  chemical  changes 

take   place,   the   sap   absorbing   carbon   from    the   air   and 

becoming   denser.     After   the    leaves   are   fully  developed, 

there  is  no  further  growth  nntil  autumn,  when  the  so-called 


ioy  Google 


5ai  CARPENTRY  18 

eUbcrated  sap  descends  by  the  under  side  of  the  leaves,  enters 
the  branches  and  stem,  and  continues  its  descetrt  principally 
between  the  wood  and  the  bark,  where,  by  the  action  of  the 
cambinin  cells,  it  builds  up  a  new  wood^  layer  or  zone  for 
that  year,  a  portion  being  absorbed  by  the  bark  for  its 
nourishment.  Ihiring  this  period  the  leaves  fall  OfE,  and 
when  the  sap  has  ceased  to  circulate,  the  growth  of  the  tree 
is  suspended.  In  tropical  climates,  the  circulation  of  the 
sap  ceases  during;  the  dry  season. 

19.  Proper  lime  (or  Felllngr  Trees. — Midsummer 
and  midwinter  in  temperate  climates,  and  the  dry  period  in 
tropical  climates,  are  considered  the  best  seasons  for  felling: 
trees;  in  both  cases,  it  is  the  time  when  the  sap  has  ceased 
to  circulate. 

For  building  purposes,  treeis  should  not  be  felled  until 
they  have  attained  their  mature  growth,  as  already  stated; 
nor  should  they  be  used  after  the  tree  has  exhibited  signs  of 
decliaing  vitality.  The  greatest  number  of  trees  arrive  at 
maturity  between  50  and  100  years,  and  commence  to  decline 
after  150  or  200  years.  When  the  top  of  the  tree  ceases  to 
send  forth  its  full  complement  of  leaves  in  the  spring  and 
bare  branches  remain,  making  it  appear  "stag-beaded,"  lack 
of  nutritive  power  is  clearly  Indicated,  which  is  a  sore  sign 
that  the  tree  has  begun  to  lose  its  strength  and  vitality. 
The  timber  then  loses  its  elasticity  and  firmness  and  gradu- 
ally becomes  crisp  and  brittle. 

20.  Conditions  Atfectlngr  the  <tnalltf  of  Timber. 

Trees  growing  in  the  heart  of  the  forest  are  generally 
straight  and  tall,  aa  it  is  necessary  for  their  leaves  to  receive 
sunlight  and  air  sufficient  for  vitalizing  the  sap;  the  lower 
branches  of  these  trees  last  only  a  few  years,  when  they  die 
and  fall  off.  On  the  edges  of  the  forest,  however,  the  lower 
branches  of  the  trees  remain  alive  and  active,  so  that  timber 
cut  from  such  places  is  knotty  and  xross-grained,  while  that 
cut  from  the  inside  trees  is  clear  and  straight-grained. 

Whe-e  streams  are  available,  the  logs  are  hauled,  or 
dnwn,  to  them  and  floated  to  the  mill.    This  immersion  in 
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the  runniDs:  stream  makes  the  sap  more  soluble,  and  tends 
to  make  it  more  responsive  to  evaporation  during  the  proc- 
ess of  seasoning;  but  if, the  logs  are  immersed  too  long  the 
fiber  loses  its  virtue  and  elasticity.  To  save  the  cost  of 
hauling  the  waste  material,  portable  engines  and  saws  are 
frequently  set  up  at  the  place  where  the  logs  are  cut. 

21.  Dressed  liiumber. — When  the  lumber  is  reduced 
from  the  dimensions  originally  cut  from  the  log,  it  is  said  to 
be  resawed.  After  lumber  is  planed  at  the  mill,  it  is  called 
dressed  lumber,  and  is  assorted  into  many  grades. 

The  regular  thickness  of  dressed  lumber  is  \,  -k,  li.  l2, 
and  1^  inches,  the  thickness  of  the  rough  sawed  material 
being  i  inch  greater  than  these  measurements.  Where 
i-inch  dressed  material  is  required,  it  is  usually  made  by 
resawing  li^-inch  boards. 

32.     Cup  Sbakes. — In  the  body  of  sound,  healthy  trees 
there  often  occur  circular    seams,  or    cracks,   where   the 
flayers   have   become    separated   from   one    another;    these 
cracks  are  said  to  be  caused  by  the  action  of  violent  wind 
storms  on  the  stem  of  the  tree  during   the   formation   of 
the  woody  layers,  and  are  called  cup  shakes.    They  gener- 
ally occur  near  the  base  of 
the  stem,  and  in  some  cases 
can    be    detected    in    the 
standing  timber  by  an  ab- 
normal increase  in  the  bulk 
of  the  stem. 

Where  cup  shakes  occur, 

as  at  a,  a.  Fig.  4,  there  is 

much  waste  in  cutting  the 

material;    but    where    the 

°'  shake   is   short,   as    at   b, 

the  loss  is  not  great.     Sometimes,  circular  bands  occur  in  the 

stem,  in  which  the  wood  is  of  a  softer  and  more  spongy 

character  than  the  surrounding  layers,  and  which,  in  some 

cases,  show  signs   of   incipient   decay.     This   condition   is 

assumed  to  be  caused  by  the  action  of  sharp  frosts  on  the 
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rising  sap  in  the  newly  formed  layers.  When  timber  pre- 
sents this  appearance,  it  should  be  immediately  rejected,  as 
it  will  be  ahort-lived  and  will  soon  decay. 

23.  Heart  Shakes. — Heart  shakes,  sometimes  called 
star  sliakes,  are  rifts,  or  cracks,  which  radiate  from  the 
center    of    the    tree,    as 

shown  at  a,  u,  Fi£f.  6. 
They  are  common  in 
nearly  all  classes  of  tim- 
ber, and  are  caused  by 
the  shrinkage  of  the 
layers,  incidental  to  loss 
of  vitality.  After  the 
period  of  maturity  has 
been  passed  and  decline 
has    befifun,     the     outer  ^'°'  * 

rings,  being  more  active,  derive  their  nutriment  by  absorbing 
the  jaices  from  the  heart  wood,  thus  causing  a  gradual  but 
sure  loss  of  its  strength  and  virtue. 

24.  Influence   of  Soil   on  Timber  Gro'wt:ta8. — The 

soil  in  which  timber  is  grown  exercises  an  important 
influence  on  its  quality;  where  damp  and  marshy,  the  fiber 
is  of  a  light,  spongy  character,  the  excess  of  water  pre- 
venting  the  healthy  action  of  the  sap  in  forming  firm  and 
compact  wood.  Such  soil  is  better  adapted  to  the  growth 
of  light  woods,  as  basswood,  willow,  and  whitewood. 

The  hardwoods  thrive  best  in  dry,  clayey  soils,  while 
those  of  the  pine  group  are^best  developed  in  sandy  soils. 

25.  Effect  of  Wlndstorme  on  Timber  Growths, 
Exposiu-e  to  prevalent  windstorms  in  one  direction  tends  to 
produce  a  twisted,  spiral  mode  of  growth.  Timber  of  this 
character  has  pr^tically  no  value  for  building  purposes,  for 
the  reason  that  when  cut  into  planks  or  scantlings,  the  fibers, 
lunning  obliquely  across  it,  give  it  little  or  no  strength. 

36.  Various  Causes  of  Wood  Deterioration. — Trees 
ue  subject  to  excrescences  and  tumors,  which  lessen  the 
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value  of  the  timber.  These  growths  may  result  from  the 
defective  nature  of  the  soil,  from  the  attacks  of  animals  by 
gnawing,  or  from  insects  that  bore  into  the  fiber. 

An  excess  of  sap  in  some  parts  of  the  tree  shows  on  the 
outer  surface  by  the  formation  of  pus,  or  matter,  which 
expends  the  virtue  of  the  sap  and  decreases  the  value  of  the 
surrounding  fiber.  This  disease  may  spread,  and  ultimately 
cause  the  death  of  the  tree. 

Trees  are  also  affected  by  a  brownish  rust,  which  is 
caused  by  rainwater  obtaining  access  to  the  cambium  layers 
by  means  of  clefts  or  rifts  in  the  bark,  and  which,  by 
changing  the  character  of  the  sap,  reduces  the  wood  to  a 
powder.  These  clefts  in  the  bark  may  be  the  result  of  an 
unusually  dry  season  and  a  rapid  rising  of  the  temperature, 
causing  strains  greater  than  the  bark  can  resist;  or  they 
may  be  due  to  severe  frosts,  which,  by  acting  on  the  sap, 
cause  it  to  expand  and  rend  the  bark. 

Frequently,  the  clefts  penetrate  the  sap  wood  also,  and 
extend  into  the  perfect  woody  layers.  Though  these  sepa- 
rations of  the  fibers  may  be  healed  up  by  subsequent  growth, 
they  still  cause  a  deterioration  of  the  wood  adjacent  to  them. 

27,  There  is  a  species  of  insects  that  deposit  their  eggs 
in  the  clefts  of  the  bark,  where  they  are  hatched.  These 
insects  are  a  kind  of  beetle,  and,  like  the  moth  and  butterfly, 
pass  through  a  larval  and  pupal  stage  of  development. 

The  larva,  or  grub,  which  is  hatched  from  this  egg,  imme- 
diately bores  into  the  sap  wood,  which  furnishes  its  food. 
The  juices  of  the  sap  wood  are  composed  of  various  sub- 
stances— acids,  albuminoids,  gums,  sugar,  starch,  oils,  and 
water — on  which  the  grub  feeds  and  thrives,  until  it  reaches 
its  full  size,  when  it  weaves  a  chrysalis,  or  envelope-like 
sheath,  and  enters  the  pufia  stage.  This  is  a  state  of  rest,  in 
which  the  grub  exists  without  nutriment  w4iile  its  organiza- 
tion is  being  elaborated,  when  it  rends  the  envelope  and 
emerges  a  perfect  insect. 

As  the  larval  period  extends  for  months,  and  sometimes 
years,  during  which  the  grub  steadily  eats  into  the  fiber,  it 
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will  be  seen  how  destructive  the  operations  of  an  ianutner- 
able  army  of  these  worlcers  are,  when  once  the^  get  an 
opportanity  to  attack  the  timber.  If  it  were  not  for  the 
warfare  waged  on  these  herbivorous  insects  by  birds, 
lizards,  etc.,  which  eagerly  devour  them,  and  for  the  action 
of  frosts  and  rains,  tending  to  prevent  their  excessive 
development,  few  trees  would  reach  a  state  of  maturity  and 
be  able  to  furnish  sound,  solid  timber. 

Where  timber  has  been  attacked  by  insects,  the  part 
affected,  as  well  as  the  adjacent  fiber,  is  rendered  entirely 
useless  for  building  purposes.  Where  the  stem  of  a  tree  is 
regulariy  formed,  and  shows  a  perfect  bark,  free  from  rifts 
and  excrescences,  it  wilt  undoubtedly  produce  perfect  timber. 

2S.  In  order  to  keep  the  timber  perfect,  however,  the 
E^atest  care  must  be  exercised  in  piling  it,  so  as  to  prevent 
the  attack  of  parasitic  plants,  called  fungi.  These  constitute 
a  lower  order  of  plant  life,  which,  instead  of  independently 
assimilating  and  digesting  nourishment  extracted  from  the 
soil,  derive  their  nutriment  from  the  organic  substance  of 
others. 

The  fungi  are  developed  from  spores,  or  life  germs,  which 
insinuate  themselves  into  cracks  and  crevices,  and  propagate 
very  rapidly.  The  vegetative  system  of  these  plants  con- 
sists of  Hliform,  or  thread-like  tubes,  which  form  the  roots 
and  extract  their  food  from  the  substance  of  the  timber. 

The  interwoven  tangle  of  these'  root  hairs  forms  what  is 
called  the  mycelium,  which  may  retain  the  thread-like  appear- 
aoce  of  the  roots,  when  it  is  defined  as  filamenled;  it  may 
become  so  closely  woven  as  to  appear  like  a  sheet  of  paper, 
when  it  is  called  membranous;  or  when  it  presents  an  appear- 
aace  like  moss,  with  stems  and  branches,  in  which  the  fibers 
have  become  firm  and  hard,  it  is  called  fibrous. 

As  the  mycelium  grows  and  reaches  maturity  it  sends  out 
thread-like  shoots  of  closer  texture  than  the  roots,  and  these 
shoots  produce  the  spore  cases  that  envelope  the  germinal 
seed.  The  conditions  that  are  considered  favorable  to  the 
leceptioo  and  germination  of  the  spores  of  the   fungi  are 
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totting  is  caused  by  the  decomposition  of  the  sap  that 
accumulates  and  covers  the  wounds,  and  the  knots,  as  the 
roots  of'the  brauches  are  called,  assume  a  sponjfy  appearance, 
vbich  is  called  druxy.  When  the  druxy  Icnots  are  of  a 
brown,  fox-like  color,  the  rot  usually  penetrates  farther  into 
the  timber  and  is  liable  to  seriously  affect  the  healthy  wood. 

31.  Selection  o*  Timber. — In  selecting  timber  for 
building  purposes,  the  principal  points  to  be  carefully  observed 
are  straight  grain,  freedom  from  large  or  loose  knots,  wind 
and  heart  shakes,  and  the  presence  of  the  characteristics  that 
indicate  any  of  the  diseases  and  imperfections  of  the  fiber 
previously  described.  When  cut,  the  sawdust  should  not  be 
clammy  or  doughlike,  but  granular,  or  meallike,  crisp,  spark- 
ling, and  free  from  stringy  fibers.  The  surface  of  the  sawed 
material  should  be  clean  and  lustrous,  presenting  a  firm  and 
bright  appearance,  and  free  from  spongy  or  wooly  fibers, 
which  indicate  lack  of  vitality.  The  heart  wood  should  be 
sonnd  and  mature,  and  the  sap  wood,  or  layers  next  to  the 
bark,  should  be  entirely  removed.  The  wood  should  appear 
uniform  in  texture,  and  when  cut  should  smell  sweet;  a  disa- 
greeable smell  is  a  sign  of  decay.  When  the  wood  is  planed, 
it  should  have  a  silky,  shining  surface;  the  shavings  should 
come  o9  like  ribbons  and  stand  twisting  around  the  fingers. 
When  the  surface  appears  dull  and  chalky  and  the  shavings 
are  brittle  and  short,  it  may  be  considered  that  the  stock 
lacks  much  of  the  virtue  it  should  possess.  Good  material 
should  be  uniform  in  color;  when  blotchy  or  discolored,  it 
signifies  a  diseased  condition,  which  may  be  due  to  defective 
development,  or  be  caused  by  piling  the  lumber  close  together 
after  it  has  been  sawed.  The  black-and-blue  streaks  and 
patches,  which  often  occur  in  lumber,  are  the  result  of  close 
piling,  which  causes  the  sap  to  sour,  or  ferment.  The  defect- 
ive pieces  should  be  cut  out,  and  only  those  portions  which 
appear  sound  and  perfect  should  be  used  in  work  where 
strength  and  diu'ability  are  essential  requirements. 
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LATIMG    OUT    AND    SAWIKO    TIMBER 
32.     Laying  Out  Timber. — In  converting  timber  into 
such  sizes  as  are  required  for  constructive  purposes,  there 
are  several  conditions  governing  the  operation,  which,  if  not 
understood,  or  if  ignored,  result  in  a  loss  of  material,  as 
well  as  affect  the  future 
conduct  of  the  several 
pieces  cut  from  the  log. 
The  carpenter  is  sel- 
\  dom    required    to    use 
I  timber  in  the  round  form 
given  to  it  by  nature, 
unless,  perhaps,  in  the 
construction    of    rough 
and  rustic  work.    Round 
timbers  are  also  used  in 
constructing  pile   foun- 
dations, and  for  props 
and   supports   when    shoring    buildings— the   term   sitoring 
signifying  a  temporary  disposition  of  timbers  to  afford  sup- 
port and  rigidity  to  any  mass  or  structure,  but,  specifically, 
-where  alterations  of  original  conditions  are  being  effected. 
They  are  also  used  for 
scaffolding   purposes,   in 
which   both   the   vertical 
and   the   horizontal   por- 
tions are  lashed  together 
by  means  of  ropes. 

Where  stock  of  variable 
widths,  but  of  equal  thick- 
ness, is  desired,  the  log 
would  be  converted  into 
planks,  as  shown  in  Fig.  6, 

by  a  series  of  saw  cuts,  as  ab,cd,e{,  etc.,  parallel  with  each 
other,  the  edges  of  the  planks  being  afterwards  squared  by 
cutting  off  the  waney,  or  beveled  portions,  which  formed  the 
curved  surface  of  the  tree. 
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Where  a  larj^e  number  of  planks  of  uniform  width  is 
reqnired,  the  end  of  the  log  would  be  marked  as  shown  in 
Fig.  7,  and  the  cuts  made  on  the  lines  indicated.  The  por- 
tions a, a,  called  slabs,  are  usually  waste  material,  althoueh 
sometimes  they  are  used  for  building  fences  and  for  siding 
on  rustic  cottages,  etc. 

33.  The  manner  in  which  the  annual  rings  of  growth^ are 
disposed  on  the  end  section  of  the  plank  has  a  great  influence 
on  its  behavior  after  it  is  cut  from  the  log.  During  the 
process  of  seasoning  the  lumber,  or  the  drying  and  hardening 
of  its  fibers  by  the  evaporation  of  the  natural  sap,  there  is 
an  ever-prevalent  tendency  for  the  boards  or  planks  to  curl 
and  warp.  This  is  particularly  true  if  the  process  is  too 
rapidly  enforced  and  special  care  is  not  taken  to  pile  the 
material  so  as  to  allow  free  circulation  of  air,  and  at  the 
same  time  have  it  stacked  so  that  its  weight  will  help  to 
keep  the  boards  flat. 

34.  The  cause  of  this  tendency  to  curl  will  be  understood 
by  referring  to  Fig.  8,  in  which  is  shown  the  end  sections  of 
two  boards  cut  from  different  portions  of  the  tree.  At  a  it 
will  be  observed  that 

the   annual    rings    are 
nearly  at  right  angles 
to  the  surfaces  of  the 
board,  while  at  b  they 
cross  the  surfaces  ob- 
liquely and  become 
nearly  parallel  with  the 
faces.   After  the  boards 
are  cut  and  have  com- 
menced to  dry,  owing  '°' 
to  the  evaporation  of  the  sap,  the  sap  ducts  and  fibers  begin 
to  contract  and  shrink.     The  form  taken  by  the  board  in 
shrinking  will  be  governed  by  the  length  of  the  annual  rings 
on  the  section.     At  a  the  rings  are  practically  of  the  same 
length,  and  as  the  medullary  rays  are  nearly  parallel  with 
(he  surface  of  the  board,  the  faces  will  remain  straight  and 
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leir  width.  At  b,  however,  the  inner  riDff  is 
he  outer  one;  hence,  the  outer  one  will  shrink 

the  surface  farthest  from  the  heart  of  the  tree 
□ncave  form.  This  e£fect  is  further  increased 
lat  the  nearer  the  heart,  the  more  dense  and 
fiber,  so  that  portions  cut  adjacent  to  the  heart 
in  those  farther  away  from  it. 
;e  is  twisted  in  its  growth — that  is,  where  the 

twist  spirally  around  the  stem  in  the  height — 
ill  not  warp  and  wind,  not  only  while  they  are 
t  also  whenever  affected  by  changes  in  tern- 
lot  possibly  be  cut  from  it. 

s  been  shown,  boards  having  the  annual  rings 
t  a.  Fig.  8,  are  less  liable  to  sbriokage  and 
if  the  timber  is  rich  in  medullary  rays,  the 
Luty  is  also  enhanced;  furthermore,  such  boards, 
the  edges  of  the  laminations  exposed,  wear 
re  evenly  than  where  the  leaf-like  figure  of  the 
1  on  the  surface,  as  it  woald  be  in  the  case  of 


ods  of  Savrinf;, — In  order  that  as  many 
isible  may  be  obtained  from  the  tree,  and  at 
the  same  time  that  the 
boards  may  possess  the 
many  merits  arising 
from  the  disposition  of 

I  the  rings  on  the  end 
section,  as  already  dis* 
cussed,  a  method  is 
adopted  by  which  the 
logs  are  first  cut  into 
quarters  and  then  re- 
duced to  the  required 
^"*-  •  sizes.    This  method  is 

,  9,  where  ab  and  cd  are  lines  showing  the 
These  cuts  divide  the  log  into  four  quarters, 
1  da,  each  of  which  is  then  sawed  into  plank 
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by  some  one  of  the  methods  shown,  according  to  the  purpose 
for  which  the  lumber  is  intended  and  the  economy  of  the 
material,  which  it  is  necessary  to  observe. 

37.  A  quarter  sawed  as  shown  from  a  toe  gives  by  far 
the  best  results,  as  the  annual  rings  cross  the  plank  nearly 
at  right  angles  to  its  face;  also,  the  medullary  rays,  being 
parallel  with  this  face,  will  exhibit  the  lines  of  the  silver 
grain,  so  sought  and  admired  in  quartered  oak.  This 
method,  however,  is  not  economical  in  material,  and  more 
time  and  attention  are  required  to  divide  it  than  is  the  case 
with  any  of  the  other  methods. 

The  waste  of  material  is  over  25  per  cent.,  and,  though 
this  waste  can  often  be  utilized,  it  is  usually  counted  as  loss 
in  estimating  the  amount  of  timber  that  can  be  cut  from  a 
log.  The  time  required  to  reduce  this  quarter  to  plank  is 
30  per  cent,  more  than  for  the  quarter  c  b,  and  50  per  cent, 
more  than  for  the  quarter  da.  Therefore,  wood  quartered 
in  this  manner  i\  expensive,  and  its  use  is  confined  almost 
exclusively  to  furniture  and  fine  cabinetwork. 

38.  The  method  used  in  sayring  the  quarter  from  c  to  ^ 
is,  as  just  stated,  much  more  economical  in  time,  though  the 
waste  of  material  is  about  the  same.  These  waste  pieces, 
however,  are  much  larger  and  fewer  than  in  the  former  case 
and  can  generally  be  utilized  to  better  advantage.  This  is 
the  usual  method  of  cutting  hardwood  logs,  and  lumber  pro- 
duced in  this  way  is  used  for  all  ordinary  high-grade  work  in 
carpentry  and  joinery,  especial  attention  being;  given  to  the 
position  each  plank  occupied  in  the  original  log,  according 
to  the  purpose  for  which  it  is  required. 

39.  The  method  of  sawing  illustrated  in  the  quarter  from 
a  to  rf  can  hardly  be  called  quartering  in  the  sense  that  the 
results  of  that  term  are  considered.  It  is  somewhat  of  an 
improvement  on  the  method  of  bastard  sawing,  shown  in 
Fig.  6,  but  there  is  only  one-fifth  of  the  finished  lumber  that 
presents  the  advantages  of  beauty  and  durability  secured  by 
either  of  the  two  former  methods  of  sawing,  and  this  fifth  is 
generally  selected  by  the  dealers,  and  classed  With  the  plank 
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produced  by  the  middle  cut  of  the  section  from  c  to  b.  The 
other  four-fifths  is  used  almost  entirely  in  cheap  furniture  and 
for  the  interior  finish  and  trim  of  houses,  where  the  terms  oak 
floors  and  hardwood  trim  sound  very  well  in  the  description, 
but  refer  to  details  that  would  give  better  service  if  constructed 
of  pine  or  spruce  reduced  from  a  properly  sawed  log. 

40.  The  method  shown  at  ^  i/  is  for  securing  large  pieces, 
and  the  heavy  planks  are  cut  in  the  order  that  their  end 
sections  are  numbered.  Numbers  1  and  2  are  the  choice 
pieces,  and  should  always  be  selected  for  floorbeams,  where 
a  long  span  demands  a  beam  that  is  not  liable  to  warp  or  twist. 

The  selection  of  certain  cuts  for  particular  purposes  will 
be  considered  when  those  purposes  are  taken  up  for  discus- 
sion, and  attention  is  again  called  to  the  careful  study  of 
Figs.  6,  '7,  8,  and  9,  as  illustrating  the  influence  that  the 
original  position  of  a  stick  of  timber  in  the  tree  has  on  its 
subsequent  behavior.  

SEASONING    AND   KIDN    DBTING 

41.  In  order  that  framed  structures  shall  remain  firm 
and  rigid,  the  timber  employed  in  their  construction  should 
be  well  seasoned.  Beasoning,  or  the  drying  out  of  the  sap 
in  the  wood>  fibers,  not  only  reduces  the  material  by 
shrinkage  to  the  least  dimension  it  is  ever  likely  to  have, 
thus  permitting  the  joints  in  construction  to  remain  close 
and  tight,  but  also  increases  the  strength.  All  kinds  of  tim- 
ber are  about  twice  as  strong  when  thoroughly  seasoned  as 
they  are  in  the  gfeen  state. 

The  process  of  evaporating  the  sap  is  effected  after  the 
timber  is  sawed  into  commercial  sizes,  such  as  squared 
timber  for  framing  purposes,  planks,  boards,  etc.,  by  two 
methods,  known  as  aif  seasoning  and  kiln  drying. 

42.  Atr  Seasoning. — In  the  alr-seasoning  method, 

the  material  i^  placed  in  the  open  air  in  piles,  with  narrow 
strips  between  the  layers;  a  free  circulation  thus  takes  place 
throughout  each  pile,  and  the  lumber  remains  in  this  posi- 
tion from  2  to  4  years,  according  to  its  ultimate  purpose. 
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One  year  fs  considered  adequate  for  joists,  studs,  sheattiin^, 
and  other  ordinary  framing  material,  while  work  intended 
for  trim,  doors,  sashes,  and  other  products  of  the  joiner's 
skill,  should  season  for  2  years,  or  even  more,  according 
to  the  class  of  material. 

43.  Kiln  Drying. — As  it  is  impossible,  however,  to 
season  wood  by  natural  means  so  that  it  will  stand  well  and 
not  shrink  in  rooms  heated  to  summer  temperature,  the  lum- 
ber for  interior  uses  must  be  dried  by  artificial  means,  which 
is  known  as  kiln  drying.  Where  this  method  can  be 
employed,  much  time  can  also  be  saved  in  preparing  the 
material  for  the  market.  Softwoods  should  primarily  be  air- 
seasoned  for  several  months,  but  are  usually  put  in  the  kiln 
as  soon  as  cut  up.  One-inch  boards  are  thus  dried  in  from 
10  to  14  days,  the  slower  the  better,  as  rapid  drying  is  likely 
to  separate  the  fibers  by  generating  steam  in  the  evaporating 
sap.  Hardwoods  should  be  air-seasoned  for  at  least  a  year 
before  being  placed  in  the  kiln,  and  1-inch  boards  should 
be  allowed  to  remain  there  for  2  or  3  weeks. 

Kiln  drying  is  effected  by  piling  the  lumber,  as  just 
described,  in  chambers,  or  kilns,  within  which  a  circulation 
of  air  is  maintained  at  a  temperature  of  about  140°  F.  and 
at  a  speed  of  about  40  miles  per  hour.  Vacmim  pumps  are 
used  to  produce  this  rapid  circulation  and  to  remove  the 
moisture  as  it  evaporates  from  the  boards. 

44.  Molst-Alr  Klin. — A  modern  form  of  kiln  is  the 
molst-air  kiln.  By  keeping  the  air  moist,  the  lumber 
dries  more  evenly  and  with  less  warping  than  would  be  the 
case  with  dry  air.  The  moist-air  kiln  consists  of  a  long 
building  with  a  door  at  each  end.  The  green  lumber  is 
wheeled  in  on  trucks  at  one  door  of  the  ktln,  and  is  gradually 
moved  along  to  make  space  for  more  incoming  lumber,  until 
it  finally  emerges  from  the  opposite  door  completely  dried. 
The  air  is  heated  by  steam  pipes  under  the  floor — entering 
between  the  tracks  at  the  discharging  end  of  the  kiln — and  it 
travels  slowly  through  the  kiln  by  natural  draft,  being  dis- 
charged through  openings  near  the  end  where  the  green 
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'■  air  absorbs  moisture  from  the  lumber 
i  of  the  kiln,  and,  by  the  time  it  reaches 
s  quite  moist.  Lumber  takes  about 
hrough  the  kiln,  according:  to  the  size 
greenness. 

^agre. — Lumber  kiln-dried  at  a  temper- 
ks  the  toughness  and  elasticity  retained 
aterial,  has  a  greater  affinity  for  atmos- 
is  often  subject,  especially  in  the  softer 
mown  as  dry  sbrlnkage;  that  is,  .a 
the  gradual  closing  together  of  the  cell 
;  moisture  was  evaporated  in  the  kiln, 
racuous,  or  hollow,  condition.  This  dry 
ke  place  until  after  the  material  has  been 
;s  of  the  position  of  the  zones,  or  annual 
mes  concave  on  its  freshly  cut  surface, 
hrinkage  is  that  the  outside,  or  surface, 
1  is  dried  first  and  thus  forms  a  sort  of 
h  holds  the  inner  fibers  in  position,  and 
emoved  by  means  of  a  saw  or  a  plane, 
eing  thus  relieved  of  their  protecting 
se  on  the  exposed  side  and  cause  the 

0  occur  in  weather-seasoned  wood  that 
in  one  position  for  a  long  period  with- 
:ed.  Thus,  the  top  of  an  old  table  will 
ome  concave  if  tt  is  planed  oS  to  get  a 


are  obtained  by  the  process  of  sub- 
aned  boards  of  2  pr  3  years'  expo- 
before  they  are  used  in  a  building, 
they  are  worked  into  flooring,  siding, 
;  thus  treated  and  kept  perfectly  dry 
d  in  the  trim  and  finish  of  a  building, 
nted  or  filled  and  varnished  immediately 
e,  a  good,  durable,  and  unchanging  job 
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-grained  wood  of  a  yellowish  color,  but  is  not  so 
IS  other  woods  of  the  same  class,  and  in  building  is 
rincipally    as   a   finishing:    material,   where  a   good, 

but  inexpensive  job  is  required.  As  a  material  for 
naking,  white  pine  has  no  equal,  and  its  power  of 

glue  renders  it  invaluable  to  the  cabinetmaker  and 

Snirar  pine  (weight,  22  pounds  per  cubic  foot),  or 
pine  from  the  Pacific  Coast,  grows  to  an  immense 
the  heart  wood  is  a  pinkish  brown,  while  the  sap  wood 
my  white.  The  wood  is  straight-grained  and  of  com- 
ucture,  is  soft,  easily  worked,  and  resembles  white 
t  is  used  in  carpentry  and  for  interior  finish. 
Idaho  \7lilte  pine  (weight,  24  pounds  per  cubic 
not  so  strong  as  Northern  white  pine,  but  resembles 
s  used  for  the  same  purposes.  This  wood  is  now 
lipped  to  Eastern  markets. 

liong-leaf  pine  (weight,  38  pounds  per  cubic  foot) , 
iwn  as  hard  pirn,  pilch  pine,  and  as  Georgia  pint,  is  a 
■est  tree  growing  along  the  southern  coast  of  the  United 
from  Virginia  to  Texas,  and  extending  only  about 
IS  inland.  Its  annual  rings  are  smaller  than  those  of 
e  pine,  and  have  a  dense,  dark-colored  and  resinous 
growth,  which  gives  the  wood  a  well-marked  grain, 
r  and  Cuban  pine'  are  often  included  in  this  classi- 

'ood  is  hard  and  strong,  and,  under  proper  conditions, 
rablc.  For  heavy  framing  timbers  and  floors,  it  is 
sirable,  and  on  account  of  its  grain  is  sometimes  used 
rior  trim.  Where  curly  pine  is  used,  its  beautiful, 
xture  gives  a  fine  effect. 

i  timbers  are  excessively"  rich  in  resin,  they  should 
3ed  for  structural  purposes,  as  there  is  little  or  no 

in  the  fibers,  which  seem  to  be  "killed"  by  the  excess 

Beams  of  this  nature,  when  fixed  at  the  ends,  have 

n  apart  lengthwise.   When  used  for  beams  and  joists, 

ends  should  have  an  open  air  space  around  them. 
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Wh^  trailt  solidly  in  the  masonry,  the  wood  Is  rapidly 
destroyed  by  dry  rot, 

The  difference-between  long-leaf  and  short-leaf  pine  is  com- 
mercially a  distinction  of  grade  and  not  of  botanical  species, 
although  primarily  they  were  taken  from  different  trees. 

52,  Short-leaf  pine  (weight,  32  pounds  per  cubic  foot), 
or  Carolina  pine,  is  neither  so  strong  nor  so  durable  as 
long-leaf  pine.  In  appearance  it  is  somewhat  lighter  than 
the  long-leaf  pine,  and  the  fiber  is  softer  and  contains  less 
resin  than  the  regular  hard,  qx pitch,  pine. 

63.  Bull  pine  (weight,  29  pounds  per  cubic  foot),  or 
California  yellow  pine,  is  strong,  has  a  closer  grain  than  the 
odier  hard  pines,  and  is  exceedingly  resinous.  It  is  used 
for  general  framing  purposes. 

54.  Douglas  fir  or  spruce  (weight,  32  pounds  per 
cubic  foot),  or  Oregon  pine,  is  the  most  valuable  lumber  in 
the  Pacific  region  for  structural  purposes,  taking  the  place 
of  the  hard  pines  sold  in  the  Eastern  market. 

55.  Black  spruce  (weight,  28  pounds  per  cubic  foot) 
grows  in  the  northern  half  of  the  United  States  and  through- 
oat  Canada.  Its  wood  is  reddish  in  color,  and,  though  easy 
to  work,  is  very  tough  in  fiber  and  highly  desirable  for 
joists,  studs,  and  general  framing  timber.  This  wood  is 
also  greatly  used  for  piles  and  submerged  cribs  and  coffer- 
dams, as  it  not  only  preserves  well  under  water,  but  also 
resists  the  destructive  action  of  parasitic  Crustacea,  such  as 
barnacles  and  mussels,  longer  than  any  other  similar  wood. 

56.  White  spruce  (weight,  25  pounds  per  cubic  foot) 
is  not  so  common  as  black  spruce,  though  when  sawed  up 
into  lumber  it  can  scarcely  be  distinguished  from  the  latter. 
Us  growth  is  confined  to  the  extreme  northern  part  of  the 
United  States  and  to  Canada. 

57.  Norway  spruce  (weight,  29  pounds  per  cubic  foot) 
is  a  variety  growing  in  Central  and  Northern  Europe  and  in 
Northern  Asia,  and  its  tough,  straight  grain  makes  it  an 
excellent  material  for  ships,  masts,  spars,  etc.,  as  well  as  the 
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used  for  framioe  purposes,  and  while  it  shrinks  and  warps 
coosiderably  it  holds  nails  well. 

64.  Wlilte  cedar  (weight,  19  pounds  per  cubic  foot),  or 
Arborvitte,  is  a  soft,  fine-erained,  aud  very  durable  wood,  but 
lacks  both  strength  and  toughness.  Its  durability  makes  it 
a  desirable  material  for  shingles,  and  also  for  tanks  in  which 
water  is  stored,  and  these  are  about  [he  only  purposes  for 
which  it  is  used  in  house  building,  though  it  is  used  largely 
for  other  purposes,  such  as  boat  building,  cigar-box  manu- 
facture, and  cooperage. 

65.  Red  cedar  (weight,  30  pouuds  per  cubic  foot)  is  a 
smaller  tree  than  white  cedar,  and  of  much  slower  growth. 
The  wood  is  very  similar  in  texture  to  white  cedar,  but  even 
more  compact  and  durable.  It  has  a  reddish-brown  color, 
and  possesses  a  strong,  pungent  odor,  which  repels  insects. 
Its  extreme  durability  makes  it  valuable  for  posts,  sills, 
sleepers,  etc.  that  come  in  contact  with  the  ground,  and  its 
strong  odor  renders  it  extremely  serviceable  as  shelving  for 
closets  and  linings  for  chests  and  trunks,  when  the  exclusion 

■  of  moths  and  other  insects  is  desired. 

66.  CaDoe  cedar  (weight,  about  23  pounds  per  cubic 
foot),  or  Giant  Arborvita.'xs  aromatic,  and  is  used  for  the  same 
purposes  as  Southern  red  cedar.  On  account  of  its  light- 
ness,- it  is  also  used  for  skiff  and  canoe  siding, 

67.  Incense  cedar  (weight,  25  pounds  per  cubic  foot), 
or  California  while  cedar,  is  soft,  very  brittle,  closer  grained 
than  redwood,  odorous,  and  very  durable  in  the  soil.  It  is 
much  used  for  posts,  shingles,  and  interior  finish. 

68.  Redwood  (weight,  26  pounds  per  cubic  foot)  is  the 
name  given  to  one  of  the  species  of  giant  trees  of  California, 
and  is  the  most  valuable  timber  grown  in  that  state.  This 
tree  grows  to  a  height  of  from  200  to  300  feet,  and  its  trunk 
is  bare  and  branchless  for  one-third  of  its  altitude.  Its  color 
is  dull  red.  and  while  the  wood  resembles  pine  and  is  used 
eenerally  in  the  West  for  the  same  purposes  as  pine  is  used 
in  the  East,  it  is  inferior  to  pine  by  reason  of  its  softness 
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to  spliDter,  and  also  on  account  of  its  pecaliarity 
lengthwise  as  well  as  crosswise.  Redwood  is 
for  railroad  ties,  fence  posts,  telegraph  poles, 
purposes  where  durability  under  exposure  is 
,s  an  interior  finishing  material  it  is  highly 
talces  a  high  polish,  and  its  color  improves  with 
ne  work,  close-grained,  quarter- sawed  material 
sed,  as  a  curly  and  wavy  texture  very  similar  to 
logany  can  thus  be  obtained.  For  a  rich  red 
,y  be  stained. 

ress  (weight,  29  pounds  per  cubic  foot)  is  a 
imilar  to  cedar,  and  grows  in  Southern  Europe 
nthem  and  western  portions  of  the  United  States, 
the  most  durable  woods,  and  is  well  adapted  for 
It  is  sometimes  used  for  interior  work  and 
nder  stains;  it  is  rather  brittle  and  fibrous,  how- 
s  purpose.  In  the  northern  part  of  the  United 
se  is  largely  confined  to  shingles,  but  in  the 
sed  as  extensively  as  pine  is  in  the  North. 
V  (weight,  40  pounds  per  cubic  foot)  is  a  very 
[rained  wood  end  is  strong  and  elastic.  It  is 
:  in  the  soil  and  is  invaluable  for  posts;  it  takes 
h  and  is  much  used  for  turned  work,  paddles, 
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Ito  oak  (weight,  50  pounds  per  cubic  foot)  is  the 
le  several  American  species  of  the  oak  tree,  and 
abundance  throughout  the  eastern  half  of  the 
es.  It  furnishes  a  wood  that  is  hard,  cross- 
»ng,  and  of  a  light  yellowish-brown  color.  It  is 
2jeat  strength  and  durability  are  required,  as  is 
ztures,  ship  building,  cooperage,  and  carriage 
I  also  for  interior  finish. 

gon  'White  oak  (weight,  46  pounds  per  cubic 
inguished  from  Eastern  white  oak  b;  a  larger 
ose  pith  rays,  but  is  nsed  for  the  same  purposes. 
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79.  White  elm  (weight,  from  34  to  40  pounds  per 
cubic  foot)  is  found  in  the  Eastern  and  Middle  Western 
States,  and  also  in  Texas.  It  is  strong,  tough,  fibrous,  and 
difficult  to  split,  and.  is  used  for  flooring,  flumes,  and  piles. 
The  heart  wood  is  a  light  brown,  and  the  sap  wood  a  yellowish 
white,  rather  coarse-grained,  and  somewhat  resembles  ash. 

80.  Hickory  (weight,  51  pounds  per  cubic  foot)  is 
the  hardest,  toughest,  and  strongest  of  all  the  American 
woods.  The  medullary  rays  are  very  numerous  and  distinct, 
and  produce  a  fine  effect  in  the  quarter-sawed  plank.  The 
flexibility  of  the  wood,  together  with  its  toughness  and 
strength,  render  it  valuable  in  the  manufacture  of  carriages, 
sleighs,  and  implements  requiring  bent-wood  members.  As 
a  building  material;  it  is  unfit  for  use:  first,  on  account  of 
its  extreme  hardness  and  difficulty  of  working;  and  second, 
on  account  of  its  liability  to  the  attacks  of  boring  insects 
even  after  the  fibers  have  been  filled  and  varnished. 

81.  liocust  (weight.  42  pounds  per  cubic  foot)  is  one 
of  the  largest  forest  trees  in  the  United  States,  and  furnishes 
a  wood  that  is  as  hard  as  white  oak.  It  is  composed  of  very 
wide  annual  layers,  in  which  the  vessels  are  few,  but  very 
large,  and  are  arranged  in  rows,  giving  the  wood  a  peculiar 
striped  grain.  Its  principal  use  is  in  exposed  places  where 
great  durability  is  required,  and  for  sleepers,  on  joists  placed 
in  contact  with  the  soil  or  embedded  in  concrete.  For  posts 
for  buildings  and  fences  in  damp  locations  it  has  no  superior. 
Its  hardness  increases  with  age  and  on  this  account  it  is 
used  for  turned  ornaments  and  occasionally  in  cabinetwork. 

82.  Black  vralnut  (weight,  38  pounds  per  cubic  foot) 
is  one  of  the  finest  and  largest  timber  trees  peculiar  to  the 
United  States.  Its  wood  is  heavy,  hard,  and  porous,  and 
its  dark,  purplish  color  is  marked  by  a  beautiful  wavy  grain. 
Strong,  durable,  and  not  subject  to  the  attacks  of  insects, 
black  walnut  at  one  time  was  the  most  popular  wood  for 
interior  decoration  and  fancy  cabinetwork,  but  its  present 
use  is  confined  generally  to  small  cabinetwork  and  gtm 
ttocks,  the   latter   being   made  almost   exclusively  of  •  this 
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material.  The  irreGruIar  and  knotted  growths  of  the  tree 
prodnce,  in  the  wood  cut  from  them,  a  beautihtl,  wavy, 
speckled  appearance,  called  burl. 

83.  Bntternut  (weight,  25  pounds  per  cubic  foot),  or 
while  walnut,  is  a  small  species  of  walnut  whose  wood  is 
of  a  light  color  and  possesses  a  strongly  marked  grain.  Its 
lumber  can  be  secured  only  in  short  lengths,  and  though 
soft  and  easily  worked  with  edged  tools,  it  will  not  split 
readily,  resists  moisturfa,  and  remains  comparatively  unaffected 
by  heat  until  the  wood  begins  to  char.  It  is  not  suitable  as 
framing  material,  hut  is  sometimes  used  in  cabinetwork  on 
account  of  its  susceptibility  to  an  extremely  high  polish. 

84.  Wild  cherry  (weight,  36  pounds  per  cubic  foot), 
commonly  spoken  of  simply  6.schet  ry,  is  a  hard  and  very  durable 
wood.  The  annual  rings  are  wide  and  even  in  their  structure, 
while  the  medullary  rings  are  fine,  numerous,  and  of  a  light- 
red  color,  giving  the  wood  a  close,  fine  grain,  of  a  brownish- 
red  color,  which  is  susceptible  of  an  exceedingly  high  polish, 
and  is  therefore  much  used  in  cabinetwork. 

The  close  and  even  grain  in  cherry  makes  it  particularly 
adaptable  to  imitations  of  more  valuable  and  less  abundant 
woods.  Cherry  stained  black  to  imitate  ebony  cannot  be 
detected  from  the  genuine  material  except  by  scraping  off  the 
polished  surface;  and  as  a  substitute  for  mahogany  and  rose- 
wood it  makes  a  fair  imitation.  For  this  reason,  it  is  largely 
used  for  piano  cases,  book  shelves,  furniture,  and  other 
general  cabinetwork,  which  ts  turned  out  in  quantity  and 
afterwards  stained  to  imitate  various  other  materials. 

Cherry  does  not  respond  as  quickly  to  changes  of  tempera- 
ture or  dampness  as  do  most  other  woods,  for  which  reason, 
it  is,  in  many  instances,  more  serviceable  as  an  imitation  of 
ebony,  mahogany,  or  rosewood  than  would  be  the  genuine 
material. 

85.  Sweet  birch  (weight,  47  pounds  per  cubic  foot)  is 
a  wood  strongly  resembling  cherry  in  its  texture,  and,  in  some 
species,  also  in  its  color.  Black,  or  cherry,  birch  furnishes 
the  best  lumber,  and  most  strongly  resembles  cherry  in  color, 
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durable  when  exposed.      It  is  used  for  interior  trim  and 
Soonng. 

89.  Oregon  maple  (weight,  30  pounds  per  cubic  foot) 
is  used  for  the  same  purposes  as  the  Eastern  maple,  but  it 
is  lighter,  softer,  and  less  valuable  than  the  Eastern  sugar 
maple.  However,  it  is  the  best  substitute  found  on  the 
Pacific  Coast. 

90.  chestnat  (weight,  28  pounds  per  cubic  foot),  a 
large  forest  tree  common  to  the  eastern  part  of  the  United 
States,  produces  a  comparatively  soft,  coarse-grained  wood, 
which,  though  very  brittle,  is  exceedingly  durable  when 
exposed  to  the  weather.  It  will  not  stand  variations  of 
slowly  evaporating  moisture  as  well  as  locust,  and  is  there* 
fore  not  so  well  suited  for  fence  posts  and  sills  laid  in  con- 
tact with  the  earth;  but  for  exposed  structures  and  sleepers 
laid  in  concrete  or  sandy  soil,  it  affords  a  material  much 
more  easily  worked  than  locust,  and  nearly  as  durable  as 
cedar. 

At  the  age  of  50  years  the  tree  is  in  fine  condition  for  put- 
ting, previous  to  which  the  wood  is  likely  to  be  composed 
of  large  cells  filled  with  moisture,  which  do  not  dry  out 
without  impairing  the  quality  of  the  timber.  On  the  other 
hand,  if  the  tree  is  not  cut  at  50  years,  it  is  almost  sure  to 
become  decayed  in  the  heart  wood  and  thereby  rendered 
unfit  for  use,  U  is  a  valuable  wood  on  which  to  veneer,  as 
it  holds  glue  Evell. 

91.  Beech  (weight,  42  pounds  per  cubic  foot)  is  the 
wood  of  a  large  forest  tree  growing  in  the  eastern  part  of 
the  United  States,  and  in  Europe.  It  is  used  but  slightly  in 
boilditig,  owing  to  its  tendency  to  rot  in  damp  situations,  but 
it  is  often  used,  especially  in  European  countries,  for  piles, 
in  places  where  it  will  be  constantly  submerged.  This  wood 
is  very  hard  and  tough,  and  of  a  close,  uniform  texture,  which 
renders  it  a  desirable  material  for  tool  handles  and  plane 
stocks,  a  use  to  which  it  is  often  put.  Beech  is  occasionally 
used  for  furniture  on  account  of  its  susceptibility  to  a  high 
polish,  but  is  too  brittle  for  very  fine  work  requiring  strength. 
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Tellovr  poplar  (weight,  26  pounds  per  cubic  foot) 
imber  of  the  tutip  tree,  a  larj^e,  straight  forest  tree 
it  in  the  United  States.  It  is  often  called  wkitewood 
and  is  soft  and  ver^  brittle,  but  shrinks  excessively 
g.  When  thoroughly  dry,  it  will  not  split  with  the 
ad  in  even  slight  atmospheric  changes  will  warp  and 
ceedingly.  Its  cheapness,  ease  of  working,  and  the 
se  of  its  boards  cause  it  to  be  used  in  carpentry  and 
in  many  places  where  it  is  utterly  unsuited. 

Tjargetooth  aspen  (weight  28  pounds  per  cubic 
r  whitt  poplar,  resembles  yellow  poplar,  but  is  not 
g  and  is  therefore  not  so  much  used  as  the  latter.* 

Black  Cottonwood  (weight,  23  pound  per  cubic 
om  the  Pacific  Coast,  possesses  a  fine  texture,  but  is 
ng;  it  does  not  check  much  and  shrinks  moderately, 
ily  worked,  but  is  not  durable  when  exposed. 

Basswood  (weight,  28  pounds  per  cubic  foot)  is 
le  given  to  the  timber  of  the  American  linden  tree, 
,  texture,  and  general  appearance,  it  strongly  resem- 

e,  but  is  much  more  flexible.  On  this  account  it  is 
les  used  for  curved  panels  in  furniture  and  interior 
ons,  as  well  as  for  the  curved  surfaces  of  various 

in  carriage  manufacture.  It  has  a  great  tendency  to 
id  will  shrink  boih  across  and  parallel  with  the  grain, 
ig  it  undesirable  in  building,  unless  strengthened  by 
or  a  hardwood  lining. 

Sycamore  (weight,  35  pounds  per  cubic  foot),  also 
utionwood,  is  the  name  given  in  the  United  States 
vood  of  a  species  of  tree  generally  known  as  plane 
he  wood  is  hard,  of  a  light-brown  color,  and  very 
Its  grain  is  Bne  end  close,  but,  though  susceptible 
'h  polish,  this  wood  is  not  much  used  in  general 
■y  or  joinery,  as  it  is  very  hard  to  work  and  has  a 
endency  to  warp  and  twist  under  variations  of  tem- 

f.  It  is  therefore  best  adapted  for  veneered  work. 
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when  used  for  interior  trim.  In  damp  places,  it  will  soon 
show  signs  of  decay,  and  for  this  reason  is  nntitted  for  any 
bat  the  most  protected  positions. 

97.  California  Bycamore  (weight,  30  pounds  per  cubic 
loot)  is  used  considerably  in  cabinetwork  and  cooperage, 
being  soft  and  brittle,  but  hard  to  split  and  to  work.  It 
shrinks  moderately,  warps  and  checks  considerably,  but 
stands  well.  When  quartered,  it  makes  a  beautiful  finishing 
lamber — a  use  for  which  it  has  too  long  been  underrated  and 
neglected. 

98.  Apple  (weight,  49  pounds  per  cubic  foot)  is  much 
used  for  tool  handles,  plane  stocks,  small  turned  work,  and 
squares  and  triangles,  but  is  not  much  used  tn  building.  Its 
irregular-twisted  branches  are  sometimes  used  in  ship  build- 
ing for  the  ribs  of  boats,  advantage  being  taken  of  the  natural 
bend  of  the  wood.  For  other  building  purposes,  however, 
it  is  rarely  used,  as  the  lumber  runs  in  short,  impgular  pieces, 
with  a  crooked  and  twisting  grain. 

99.  Pear  (weight,  47  pounds  per  cubic  foot)  has  practi- 
cally the  same  uses  as  the  wood  from  apple  trees,  and  is 
sometimes  used  for  carved  panels  iu  cabinetwork,  on  account 
of  yielding  very  easily  to  edged  tools. 

100.  Sweet  sum  (weight,  37  pounds  per  cubic  foot) 
is  found  in  the  Eastern  and  Southern  States,  but  mostly  in 
the  basin  of  the  Mississippi  River.  The  heart  wood  is  rich 
brown  in  color,  suggestive  of  walnut,  and  the  sap  wood  is 
nearly  white.  It  is  close-grained  and  compact  in  structure, 
is  heavy,  rather  soft  but  strong,  and  receives  a  high  polish. 
As  sweet  gum  shrinks  and  warps  a  great  deal  in  seasoning, 
it  is  best  adapted  for  veneer  work.  It  is  also  used  for 
shingles,  siding,  cabinetwork,  and  interior  finish. 

101.  Hazel  (weight,  38  pounds  per  cubic  foot)  is  a 
wood  used  to  take  the  place  of  birch  and  cherry  in  furniture, 
u  it  stands  well.  It  takes  a  high  polish  and  looks  some- 
thins  like  one  of  the  imported  walnuts. 
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luut  (weight,  36  pounds  per  cubic 
'  is  a  beautiful  rich,  well-figured  wood, 
i  wart,  or  excrescence,  formed  on  the 
d  which  is  afterwards  covered  with 
oody  tissue. 

valnut  (weieht,  35  poinds  per  cubic 
d,  rich-colored  wood,  much  used  for 
ially  show  cases  and  trim  in  jewelry 
ish-brown,  striped  texture  permits  of 
When  finished  flat,  it  has  a  very 
:ss. 

;ight,  60  pounds  per  cubic  foot)  grows 
ig  the  coast  of  the  Mediterranean  Sea. 
low  in  color,  and  very  desirable,  on 
of  shrinking  or  warping  tendencies, 
led  work,  such  as  spindles  and  chess- 
useful  for  wood  engraving,  for  which 
It  is  also  largely  used  for  making 
it-rules.     As  a  building  material  it  is 

veight,  from  53  to  60  pounds  per  cubic 
irge,  handsome  tree  that  grows  in  the 
il  America.  Its  color,  grain,  weight, 
liderably  according  to  the  age  of  the 
>f  its  growth.  There  is  nothing  in 
;twork  in  which  mahogany  cannot  be 
cost  being  the  only  limit  to  its  use. 
3g:any  (weight,  60  pounds  per  cubic 
strong  wood,  of  very  straight  growth 
has  small  pores  filled  with  a  chalk- 
ich  brownish  red  in  color,  with  dark, 

ngo  mahogany  (weight,  63  pounds 
richest  and  handsomest  of  all  the 
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mahosanies.  Its  figure,  or  markings,  may  be  curly,  watered 
or  wavy,  feathered,  bird's  eye,  or  festooned,  and  its  color  is 
a  deep,  rich  red  with  yellowish  shading.  The  wood  is  strong 
and  very  resinous.  It  is  usually  cut  into  veneers,  thirty  to 
the  inch. 

Cuban  and  Santo  Domingo  mahogany  are  generally  termed 
Spanish  mahogany, 

108.  Honduras  and  Mexican  mabogany  (weight, 
abont  32  pounds  per  cubic  foot),  generally  called  baywood, 
has  a  rich,  golden  color,  is  easily  worked,  is  light,  and  of  a 
somewhat  soft  and  spongy  texture.  This  kind  of  mahogany 
does  not  warp  nor  shrink  much,  but  lacks  the  deep  red  rich- 
ness and  figure  of  the  Spanish  mahogany  and  is  in  every 
respect  inferior  to  it. 

109.  White  mahogany  (weight,  33  pounds  per  cubic 
foot),  or  prima  vera,  grows  in  Mexico  and  Central  America. 
The  trees  when  cut  are  from  2  to  4  feet  in  diameter;  the 
wood  is  a  creamy  white,  and  has  a  beautiful,  fine,  satiny 
eiain;  and  the  texture  is  quite  like  that  of  the  red  mahogany. 
It  works  and  stands  well  and  is  used  for  fine  cabinetwork, 
furniture,  and  interior  finish.  It  costs  somewhat  more  than 
Ihe  red  variety. 

110.  BoSQwood  (weight,  68  pounds  per  cubic  foot)  is 
the  hard  and  brittle  product  of  several  trees  native  to  the 
tropical  countries.  It  has  a  beautiful  grain,  alternating  in 
dark-brown  and  red  stripings,  which,  when  subjected  to 
a  high  polish,  makes  the  surface  one  of  the  handsomest 
products  of  the  vegetable  world.  The  solid  wood  is  used 
for  handles  of  fine  tools,  but  for  few  other  purposes.  As  a 
veneer,  it  is  applied  to  all  kinds  of  cabinetwork,  furniture, 
and  joinery  work,  where  richness,  elegance,  and  durability 
are  desirable,  regardless  of  expense. 

111.  Ebony  (weight,  76  pounds  per  cubic  foot),  a  dark, 
almost  jet-black  wood,  native  to  India  and  the  islands  in  the 
Indian  Ocean,  is  a  strong  and  exceedingly  hard  wood  with  an 
aonnal  growth  that  is  almost  soUd.     It  takes  an  exceedingly 
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hieh  polish,  and  is  used  mostly  for  small  tamed  work 
and  cabinetwork,  though  its  veneers  are  applied  to  interior 
work,  and  also  to  tine  furniture.  It  is  not  used  so  much  for 
general  interior  trim  and  paneling  as  formerly,  on  account 
of  its  expense  and  the  somber  appearance  that  a  black  sur- 
face must  necessarily  lend  to  a  room,  and,  besides  this,  the 
imitation  of  it  in  stained  cherry  is  much  cheaper  and  so  like 
the  original  that  an  expert  can  scarcely  detect  the  difference. 

112.  BroTrn  ebony  (weight,  85  pounds  per  cubic  foot), 
from  British  Guiana,  possesses  a  rich  brown  color,  is  very 
close  in  texture,  and  receives  a  very  high,  solid  polish. 

113.  American  persimmon  (weight,  49  pounds  per 
cubic  foot),  while  a  member  of  the  ebony  family,  has  a 
bright-yellow  cast  and  resembles  hickory;  the  heart  wood  in 
very  old  trees,  however,  becomes  black.  It  is  used  for  plane 
stocks  and  shuttles,  on  account  of  its  weight  and  strength. 

114.  LilgDum  Tltee  (weight,  71  pounds  per  cubic  foot) 
is  another  exceedingly  hard  and  dark-colored  wood,  with  an 
almost  solid  annual  growth.  It  is  very  resinous,  difficult  to 
split,  and  has  a  soapy  feeling  when  handled.  It  is  found  in 
Southern  Florida  and  the  West  Indies.  Its  color  is  dark 
brown  with  lighter  brown  markings,  and  it  is  used  mostly 
for  small  turned  articles,  tool  handles,  and  the  sheaves  of 
block  pulleys. 

'  115.  American  holly  (weight,  36  pounds  per  cubic 
foot)  grows  throughout  the  Eastern  States,  and  in  the 
Middle  States  from  Indiana  to  Texas.  The  heart  wood  is 
creamy  white,  which  darkens  and  spots  on  exposure.  This 
wood  is  very  close-grained  and  has  a  compact  structure,  is 
moderately  hard  and  heavy,  and,  although  tough,  is  easily 
worked.  It  is  used  for  inlaid  work,  carvings,  scrollwork, 
and  turnings,  and  is  in  moderate  demand  for  fnmiture. 

116.  Teak  (weight,  50  pounds  per  cubic  foot),  or 
Indian  oak,  is  found  in  India,  Ceylon,  Burma,  and  Siam;  it  is 
brownish  yellow  in  color  and  is  straight  and  even-grained. 
The  wood  is  moderately  hard,  strong,  easily  worked,  and 
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stands  well.  It  is  oily  and  fragraat,  and  resists  termites,  or 
wood  worms.  As  it  preserves  iron,  it  is  used  {or  backiog 
armor  plates.  It  is  also  used  for  fiooring,  inside  finish,  and 
furoitnre. 

]  17.  Green  heart  (weight,  72  pounds  per  cubic  foot) 
is  obtained  in  British  Guiana  and  the  West  Indies.  The  heart 
wood  niDs  from  a  dark  green  to  a  chestnut  color  and  is  some- 
times Dearly  black.  This  wood  possesses  a  clean,  straight, 
compact  structure,  is  free  from  knots,  is  exceptionally  heavy, 
strong,  tough,  bard,  and  durable,  and  receives  a  high  polish. 
It  is  used  for  cabinetwork  and  turnings  and  for  the  tips  of 
fishiog:  rods. 

118.  Qaebracho ~( weight,  82  pounds  per  cubic  foot),  as 
its  name  implies,  is  called  by  the  Portuguese  the  hatchet- 
breaktr.  It  is  close-grained,  exceedingly  hard  and  strong, 
and  is  as  t>eautiful  and  dense  in  texture  as  fine  ivory. 
There  are  several  varieties,  the  principal  ones  being  the  red 
and  the  white,  which  grow  in  Chile  and  Mexico.  It  is  a 
timber  of  great  economic  value,  for  in  addition  to  its  wood 
being  used  for  building  purposes,  thebark  is  used  medicinally, 
and  both  bark  and  wood  are  used  as  a  tanning  material.  In 
the  United  States,  it  is  employed  for  fine  interior  trim  and 
carved  work,  but  is  very  costly  to  work  on  account  of  its 
bardness.     It  polishes  like  a  piece  of  steel. 

119.  Cocobolo  (weight,  55  pounds  per  cubic  foot)  is  a 
dark,  reddish-brown,  close-grained  wood  that  grows  in  the 
West  ladies.  It  is  principally  used  for  fine  cabinetwork  and 
inlaid  work,  and  somewbat  resembles  walnut  in  appearance, 
bat  is  slightly  darker.     Its  fiber  is  rather  brittle. 

120.  Taiip  wooa  (weight,  -61  pounds  per  cubic  foot)  is 
a  beautiful,  striped,  rose-colored  wood  from  Brazil.  It  is 
very  close-grained,  is  susceptible  of  a  high  polish,  and 
is  prJDcipally  used  by  cabinetmakers  for  inlaid  work. 
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i  life  of  the  building  depend  largely  on  the 
ter  of  its  carpentry;  the  work  of  the  joiner 
removed,  and  yet  the  structure  would  remain 
1  the  anatomy  of  its  form  and  arrangement 
rned. 

i8  ot  Carpentry. — The  art  of  carpentry  com- 
/isions,  alt  of  which  are  incorporated  in  a 
ture,  namely,  analytic,  descriptive,   and  con- 

second  divisions  are  contained  in  the  theory, 
onstitutes  the  practice  of  carpentry.  The  first 
lysis  of  the  forces  that  generate  the  stresses 
irk,  which  is  demonstrated  by  the  laws  ot 
the  disposition  of  the  material  for  efScient 
3  is  regulated  by  a  knowledge  of  the  strength 
^he  second  defines  the  lines  and  methods 
imetric  rules  for  laying  out  the  work,  while 
-ises  the  manual  operations  of  cutting,  fra- 
,  and  uniting  the  various  timbers  that  consti- 


applied  to  house  building,  relates  to  the  con- 
rough  timber  framework  of  the  building  in 
im  the  foundation  to  the  roof.  In  buildings 
onstructed  of  stone  or  other  material  outside 
province,  the  carpenter  is  usually  called  on 
generally  to  set,  all  centers,  templets,  wood 
t  may  be  required  for  arches,  angular  and 
'all  openings,  etc. 

of  Structures. — Buildings  constructed 
jd  above  the  foundations  may  be  divided 
ral   classes:    braced-irame   and    balloon-irame 

ime  building  is  one  in  which  each  piece  of 
carefully  united  by  mortise-and- tenon  joints 
leld  rigidly  by  diagonal  pieces,  and  the  whole 
:by  made  stiff  and  secure  in^tself  before  any 
material  is  applied. 
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A  balloon  frame,  on  tbe  contrary,  is  one  in  ifhich  the 
timbers  are  simply  butt-jointed  and  nailed  together;  there- 
fore, it  depends  greatly  on  the  sbeathing<  or  outer  covering, 
for  strength  and  stiffness. 

S.  The  braced-frame  method  is  the  one  used  in  ancient 
times,  and  had  its  origin  when  all  nails,  bolts,  and  iron  straps 
were  made  by  hand  and  required  more  labor  to  produce  them 
than  the  cutting  of  mortises  or  the  halving  of  joints.  With 
the  advent  of  machine-cut  nails  came  the  balloon  frame, 
which,  though  it  may  be  a  somewhat  flimsy  affair  in  itself, 
is,  when  the  sheathing  is  put  on  diagonally,  sufficiently 
strong  to  withstand  wind  pressure,  and  makes  a  good,  sound, 
durable  structure. 

There  are  still,  however,  classes  of  buildings  where  the 
balloon  frame  is  hardly  suitable,  and  there  are  also  instances 
in  balloon  framing  where  the  joints  require  close  «nd  accu- 
rate fitting.  To  effect  the  best  construction  in  a  building, 
therefore,  requires  not  only  a  knowledge  of  the  kind  ol 
material  best  suited  to  the  place  and  purpose,  but  also  a 
knowledge  of  the  proper  size  or  sectional  area  of  each  piece, 
to  withstand  the  strain  that  may  come  on  it,  and  the  propor- 
tions of  its  dimensions,  to  give  the  required  area  and  at  the 
same  time  suit  tbe  position  in  which  it  is  to  be  placed. 

The  fitting  together  of  these  several  pieces  of  a  structure 
demands  a  knowledge  of  the  proper  kind  of  joint  required 
in  each  particular  case;  an  understanding  of  the  conditions 
likely  to  arise  which  would  tend  to  render  the  joint  more  or 
less  ineffectual,  such  as  shrinkage,  dry  rot,  or  warping;  and 
the  ability  to  compensate  or  prevent  any  erfl  results  that 
such  conditions  would  entail. 


\ 
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RAUINO  JOINTS 

-The  simplest  joint  between  two  pieces 
butt  Joint  shown  in  Fig,  1  (a) ,  where 
a  butt  joint  with  the  timber  a  on  the 
,  called  a  barefool  joint,  is  used  in  bal- 
in  where  the  studs  rest  on  the  sills  or 


\  secured  in  position  hy  toe-^nailing,  as 

ni  is  shown  in  Fig.  1  (i),  where  Imn 
s  of  the  joints  between  the  timbers  / 
[lis  form  of  the  joint  is  sometimes  used 
1  the  plate  or  against  the  ridge  board, 
iecurely  toe-nailed,  otherwise  a  move- 
of  the  fool  Im  ox'pg  would  throw  the 
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7.  Hortlse-and-Tenon  Joints. — Where  greater 
atrength  and  security  than  can  be  obtained  from  the  butt 
joint  is  required,  a  mortise-and-tenon  Joint,  as  shown  in 
Fig.  2,  is  made  use  of.  A  rectangular  hole  abed,  called  a 
mortise,  is  cut  into  one  of  the  timbers,  as  w,  and  on  the  end 
of  the  other  timber  y  is  formed  a  projecting  pin,  or  tenon,  el g, 
which  fits  into  and  exactly  fills  the  mortise.  The  shoulders  of 
the  tenon  are  shown  at  kik  and  //. 

The  proportion  of  the  width  da  of  the  mortise  to  the 
thickness  of  timber  in  which  it  is  cut  is  one-third,  and  the 
mortise  is  cut  into  the  center  of  the  thickness.     Or,  if  one 
timber  is  larger  than  the  other, 
they  are  usually  so  framed  that, 
when  brought  together,  one  face 
of  each  piece  will  be  flush. 

8.  Method  of  Securlns: 
Mortlae-and -Tenon   Joints. 

These  mortise  joints  are  nearly 

always  secured  in  place  by  means 

of  3  draw-bore  pin,  which  is  in-  ' 

serted  in  the  following  manner: 

After  the  mortise  is  cut  and  the 

tenon  is  accurately  fitted  to  il,  a 

hole    is    bored    in    the    timber 

squarely  through  both  cheeks  of  •'"'■  * 

the  mortise,  as  shown  at  x.  Pig.  2.     The  position  of  the 

hole  X  is  accurately  marked  on  the  tenon  elg,  and  a  hole  is 

then  bored  through  the  tenon  but  located  from  A  to  i  inch 
nearer  the  shoulder  than  the  marks  made  through  the  hole 
in  the  mortise.  When  the  tenon  is  inserted  in  the  mortise, 
the  relative  position  of  the  holes  will  be  somewhat  as  shown 
in  Fig.  3  {a),  which  is  an  enlarged  section  through  the  girt 
and  comer  post  on  the  line  xy,  A  wooden  pin  is  then 
driven  through  these  holes,  and  by  forcing  them  into  line, 
ihe  shoulders  of  the  tenon  p  are  brought  tight  up  against  the 
cheeks  of  the  mortise  q,  thus  making  the  joint  firm  and 
Kcure,  as  well  as  free  from  any  liability  to  work  itself  loose. 
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>deD  pin,  usually  called  a  treenail  or  dra'vr- 
should  be  cut  from  a  piece  of  straig^ht-grained, 

durable  wood,  preferably  locust  or  oak,  about 
es  square  on  the  ends,  and  about  2  inches  more 
han  the  mortised  timber  is  in  thickness.     The 

planed  off,  bringing  the  pin  down  to  an  octag- 
on the  ends,  and  its  sides  are  then  slightly  tapered 
ourth  the  length,  so  that  it  will  enter  the  draw 
tirough  carelessness  or  error  in  measurement,  the 

tenon  is  not  slightly  nearer  the  shoulder  than 
the  mortise,  the  joint  will  not  be  tight,  and  may 
lat  is  called  a  push  bore,  which  is  a  term  given  to 
rhen  the  driving  of  the  pin  loosens  the  pieces 
ightening  them.  ■ 

I  of  Hortlse-and-Tenon  Joints. — In  braced- 
truction,  the  mortise  and  tenon  form  the  joint  of 
y  two  important  timbers  that  come  in  contact, 
s  shown  the  corner  of  a  braced-frame  building, 
the  corner  post  mortised  into  the  sill  a  at  the 
d  into  the  plate  h  at  the  top.  The  girts,  or 
on  one  of  which  the  second  tier  of  beams  i  rests, 
d  into  the  comer  post  and  secured  with  a  draw 
1  already  described,  while  the  angle  braces  e  are 
to  both  the  girt  and  the  comer  post.  The  tenons 
aces  are  cut  somewhat  differently  from  those  on 
nembers,  owing  to  the  diagonal  position  of  the 

shown  an  inside  view  of  the  comer  post  and  the 
:en  it  and  the  lower  braces.  The  top  of  the  brace 
cut  so  as  to  enter  the  comer-post  mortise  p  at 
s  to  the  face  of  the  post,  while  the  bottom  of  the 

the  direction  to  the  plane  of  the  under  side  of 
ind  the  lower  side  of  the  mortise  is  cut  on  the 
.  The  draw-bore  hole  in  the  tenon  is  shown  at  q, 
jt  show  on  the  inside  of  the  comer  post,  as  it  is 
1  to  bore  the  hole  all  the  way  through.     This 

the  system  of  braced-frame  construction,  and 
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I  sometimes  mortised  into  both  sill  and 
ertie  and  plate,  tbey  are  thus  joined 
in  their  places  and  not  to  add  strength 
Studs  adjacent  to  openings  are  usually 
s,  as  shown  at  k,  and  should  always  be 
ark,  but  generally  they  are  formed  with 
regular  stud,  and  butt-jointed  and  toe- 
irt.  The  intermediate  studs  are  simply 
centers  and  butt-jointed  to  form  the  rib- 
sts. 

tenon  joints  are  sometimes  used  for  the 
ns  around  stair  wells,  chimney  breasts, 
d  other  openings,  as  shown  in  Pig.  32, 
t  in  this  figure  the  tail-beams  b  are  only 
^rtised  into  the  header  a  which  in  turn  is 
pported  by  the  stirrup  e  instead  of  beine 
irtised.  This  style  of  tenon  is  shown 
b  in  Fig.  4  («). 

11.  Tusk  Tenons. — In  Fig.  4  (a)  is 
own  the  tenon  b  on  the  tail-beam  y  let 
;o  the  header  w  at  its  center,  and,  to 
cure  additional  strength,  a  tusk  c  is  cut 
the  tail-beam,  to  rest  on  the  shoulder  d 
the  header.  The  length  of  the  tusk  and 
tenon  should  each  be  about  one-sixth 
am. 

t  extends  entirely  through  the  beam  v, 
'  in  place  by  a  wooden  draw-bore  pin. 
This  is  the  form  of  mortise  sometimes 
leader  to  the  trimmers,  while  the  form 
to  secure  the  tait-beams  to  the  headers, 
-e  made  with  patent  beam  bangers  or 
tising  is  necessary. 

ons. — Stirrup  Irons,  or  hangrers, 
Bces  of  wrought  iron  |  in.  X  2i  in.,  bent 
the  trimmer  beam,  and  a  seat  in  which 
as  shown  at  e.  Fig.  32.     The  trimmer 
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and  header  are  usually  nailed  together  to  keep  the  joint  close, 
while  the  stirr,up  iron  carries  the  weight;  for  good  work, 
however,  a  strap  or  bolt  should  be  used  to  keep  the  triniiner 
and  header  in  close  contact. 

The  use  of  joist  and  beam  hangers,  etc.  simplifies  greatl7 
the  work  of  framing,  both  for  house  and  mill  construction. 
In  Fig.  5  are  shown  various  styles  made  to  meet  different  con- 
ditions. With  these  hangers  a  good  bearing  and  firm  support 
for  the  joists,  beams,  etc,  may  be  had,  and  in  case  of  fire  the 
timbers  may  give  way  without  injuring  the  masonry.  At 
(«),  (*),  and  U)  are  shown  the  ordinary  forms  of  wrought- 
irori  stirrups,  (a)  and  (<r)  being  made  to  carry  headers,  while 
(6)  is  made  double  so  as  to  carry  a  beam  on  each  side  of  a 
main  girder;  at  (d),  (e),  and  (/),  joist  hangers  for  junctions 
of  wooden  headers  and  trimmers;  and  at  (f),  (A),  (t),  and 
(y),  hangers  for  the  support  of  beams  at  brick  walls  where  it 
is  undesirable  to  allow  the  beams  to  pass  into  the  walls. 
At  a,  in  (f),  is  shown  the  wall-bearing  plate  to  which  the 
stirrup  is  riveted.  At  ii)  is  shown  a  hanger  for  heavy 
girders  or  joists,  adjustable  to  suit  several  sizes  of  timber  by 
changing  the  bearing  plate  a,  thus  serving  the  same  purpose 
as  that  shown  at  (/),  which  shows  a  hanger  made  in  right 
and  left  parts,  and  fastened  together  by  a  bolt.  Of  the  types 
of  hangers  shown,  (d),  (g),  (k)  are  known  as  the  Van  Dam,- 
U),  (A),  U),  (J),  (/).  the  Duplex,-  and  (/),  the  Goeig. 

13.  Splice  Joints. — When  timbers  cannot  be  obtained 
of  sufficient  length  to  form  an  entire  sill,  plate,  or  other 
horizontal  member,  it  is  necessary  to  resort  to  some  form  of 
a  splice  Joint,  as  shown  in  Figs.  6  and  7. 

Fig.  6  shows  a  plain  splice  Joint  obtained  by  cutting  away 
one-half  of  the  thickness  and  width  of  each  timber  e,d,  and 
then  fitting  the  remaining  half  of  each  piece  into  the  space 
formerly  occupied  by  the  half  cut  away,  as  indicated  by  the 
dotted  lines.  The  piece  d  is  shown  at  right  angles  to  the 
piece  e,  which  would  be  its  position  in  the  comer  of  a  build- 
ing, as  shown  at  m.  Fig.  3.  By  turning  the  piece  d  so  that 
its  end /^ I A  would  coincide  with  theeadapgn  of  the  piece  #, 
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the  joint  would  splice  the  two  pieces  into  a  contiauons  tim- 
ber, and  the  shoulder/  will  coincide  with  the  end  mlkr,  as 
shown  in  Fig.  7,  although  when  snch  a  condition  exists, 
another  fonn  oE  the  joint,  known  as  beveled,  or  oblique, 
splicing,  is  considered  preferable. 


This  form  of  splice  is  effected  by  cutting  away  a  little 
more  than  half  the  thickness  of  the  timber  at  acbd  and  Im, 
Fig.  7,  and  leaving  a  little  more  than  half  the  thickness  at 
the  ends  fg  and  jk.  The  formation  of  this  joint  requires 
great  care,  lest  the  timbers  be  weakened  by  cutting  too 


deeply  at  ae  and  Im,  but,  when  properly  made,  this  joint 
does  not  pull  apart  so  easily  as  the  plain  joint. 

14.    I>oTetall  HalTlng. — Another  form  of  joint  used 
where  prevention  from  sliding  is  a  desirable  condition,  is 
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etati  halving.  Pie-  8  shows  two  forms  of 
;h  are  made  in  the  following  manner:  The 
t  halved  on  the  end,  in  the  same  manner  as 

ig.  6,  and  the  remaining  half  thickness  is  then 
ge  shape  abji,  which  is  called  a  dovetail. 
i$eel  hglo  is  then  cut  in  the  timber  «  half  the 
le  timber  m,  and  the  two  pieces  are  driven 
:ld  in  place  with  spikes  or  screws. 
3wa  at  (d)  is  best  adapted  to  positions  where 
tended  to  be  placed  at  right  angles  to  the 
ilthongh  the  form  {b)  is  also  used  in  similar 
best  adapted  to  locations  where  the  timber  m 
:  or  an  obtuse  angle  with  the  timber  «,  as  is 
';  where  the  timber  k  forms,  at  the  same  time, 
:e  to  the  two  timbers  k  forming  the  plate. 

lie  Joints. — A  etraddle,  or  bridge)  joint, 

when  a  secure  footing  is  required  for  the  toe 

strut.     The  tie-beam  a  is  notched  on  top,  to 

t  of  the  strut  b\  the  side  de  of  the  notch  is  in 

the  direction  of  and  at  the  same 

angle  as   the   slant  of   the  strut; 

while  the  side  dc  is  at  right  angles 

to  de,  and  equal  in  length  to  the 

depth  of   the  strut  at  ig.    The 

bfidge  tetton   h  i  is   left   standing 

when  the  notch  cde  is  cut,  and  a 

mortise  j kml  is  cut  into  the  end 

of  the  strut  to  straddle  this  bridge 

tenon,  and  thus  prevent  the  rafter 

from  slipping. 

Another  method  of  treating  this 
joint  is  to  work  the  tenon  h  i. 
Fig.  10,  on  the  strut  timber  b,  and 
se  jk  into  the  tie-beam  a.  The  tie-beam  a  is 
>n  the  line  cd  3.  distance  equal  to  only  half 
:he  strut  b,  but  is  still  kept  at  right  angles 
n  of  the  slant  of  the  strut,  while  the  line  de 
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different   i 


57 
according   to 


has  a  pitcb   that  varies 
circmn  stances. 
16.    Footing  Rafters  Without  Mortise  and  Tenon. 

A  method  of  footing  the  rafters  on  tie-beams  without  ths 
mortise  and  tenon  is  shown  in 
Pig.  II  (a),  where  the  joint  is  sim- 
ilar in  every  respect  to  the  one  in 
Fig.  10,  except  that  the  mortise  and 
the  tenon  are  omitted. 

Fig.  11  (^)  shows  a  variation  * 
made  use  of  when  the  notching  of 
^^  tie  equal  to  one -third  or  one- 
balf  the  depth  of  the  strut  would 
Weaken  the  beam  too  much.  Two 
notches  are  made,  each  of  which 
sliould  be  equal  to  from  one-sixth  ^"'' " 

'o  one-qnarter  the  depth  of  the  strut,  so  that  the  sum  of  the 
"ro  bearing  surfaces  a  b  and  dc  is  equal  to  the  single  bearing 
swfacefflA,  in(a). 

*■•  .  The  various  joints  thus  far  considered  have  been  for 
"*  purpose  of  forming  a  suitable  union  between  two  pieces 
■>'  timber  that  were  in  different  positions  and  that  served 


dififerent  purposes.  With  the  exception  of  the  splice  joints 
for  sills  and  plates,  shown  in  Fig.  7.  none  of  these  joints  could 
be  dispensed  with  by  getting  the  work  out  of  one  piece  of 
timber. ' 
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now  be  considered. 
30st  may  be  lengthened,  or 
ddition  of  an  extra  piece  of 
5  ends  being  cut  square  and 
ther  by  nailing  on  the  oppo- 
two  pieces  of  1-inch  board 
town  in  Fig.  12, 
)we<i  only  in  balloon -frame 
ced-frame  construction,  the 
interties  and  plate,  or  sill, 
ir  than  the  available  length 
1  balloon  frames,  where  the 
igainst  both  the  sill  and  the 
mediate  joint,  the  studs  fre- 
fished,  especially  under  the 
1,  where  the  height  of  the 
uds  can  be  obtained  in  all 
let,  and  any  length  in  excess 
ained  only  by  splicing  two 

t,  attention  should  be  given 
which  the  joint  will  be  sub- 
;ssion,  transverse  strain,  or 


13, 
laid  ""'■  ^ 

up  with  the  three  bolts  as 
iads,  or  nuts,  and  the  face  of 
IT  d  should  be  interposed,  to 
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prevent  crnsbins  or  tearins  the  surface  of  the  timber  when 
the  nut  is  being  tightened.  This  makes  a  clumsy  and  awk- 
ward-looking joint,  and  should  seldom  be  used  except  for 
temporary  structures,  but,  aside  from  this,  it  is  excellent  for 
its  purpose,  and,  by  reason  of  the  bolts,  makes  a  stronger 
tension  member  than  would  the  joint  previously  described 
for  the  splicing  of  studs,  when  spikes  alone  are  used  to  Secure 
the  fish-plates. 

21.  Bcarfln^. — Where  the'  joint  is  to  be  subjected  to 
compression  or  tension,  or  both,  and  at  the  same  time  must 
preserve  an  appearance  of  neatness  and  good  workmanship, 
resort  must  be  made  to  what  is  called  scarfing,  or  to  fishing 
with  iron  plates,  or  both. 

Scarfing  consists  in  the  cutting  and  fitting  of  the  ends  of 
two  pieces  of  timber  in  such  a  manner  that  they  will  enter 
into  and  fit  each  other  so  as  to  form  a  comparatively  secure 
joint,  simply  from  the  conditions  of  their  joining  surfaces. 
They  are  usually  made  additionally  secure  by  means  of  hard- 
wood keys  and  iron  bolts  or  screws,  but  the  primary  con- 
sideration should  be  to  make  the  unsecured  joint  as  strong  as 
possible  by  means  of 
the  proper  propor- 
tioning of  its  details 
and  parts. 

22.  This  propor- 
tion will  vary  accord- 
ing to  the  strains  (or 
which  the  beam  is 
intended,  or  to  which 
it  is  likely  to  be  sub- 
jected. In  Fig.  14  is 
shown  a  form  of  joint 

applicable  to  a  timber  that  would  be  subjected  to  compres- 
sion, as  the  two  abutting  surfaces  at  erf  and  ef  are  equal  to 
the  entire  cross-section  of  the  timber,  and  are  at  right  angles 
to  the  line  of  compression.  Under  tension,  however,  the 
pieces  would  immediately  putt  apart  unless  secured  by  means 


itizecoy  Google 


i,  Google 


ITRY 

ibjected  to  a  shearii 
heir  sheariog  valm 
mber  subjected  to 
ion  ally  secured  by  i 
e  combioed  tensile 
tension  must  be  eqi 
;rs  subjected  to  she 
e  form  shown  in  F 
tensile  strain,  and 
ust  be  proportione 
keys  r,s,  and  the 
o  and  de  or  between 
if  the  section  at  t. 
one  of  these  detail; 
it  acquire  additional 
sng  as  its  weakest ; 
the  conditions  und 
:fore  very  evident, 
itions  and  the  knov 
enable  the  proper 
:  to  be  selected. 

lest  form  of  a  sea 
Tipression.  The  tii 
he  line  cd,  which  U 
:  the  timber,  as  is 
rly  cut  half  its  dep 

these  cuts  and  th 
e  line  de,  and  the  tv 
lanner  as  the  splice 

bolted.  Thus  far 
tures  under  tension 
vhen  subjected  to  < 
fiat  bearing  on  the 
lich,  combined,  are 
ie  end  of  the  timl 
r  half  the  depth.  B; 
ler  an  iron  plate,  or ; 
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to  twice  the  length  of  the  joint  de, 
<  one-third  the  breadth  of  the  beam  and 
ed  accordins  to  the  strain  it  is  likelr 

joint  is  strongly  reinforced.  These 
7  turned  over  on  the  ends,  as  shown 
top  of  the  timber.  The  two  bolts  n 
1  [Aace,  while  the  bolts  m  pass  throueh 
!  laps  of  the  joint. 

ents  the  timber  from  bending  in  the 
and  the  bolts  m  and  the  bearing  sur- 
int  it  from  bending  in  the  direction  of 
pression,  while  the  bolts  m,  combined 
the  turned-in  ends,  or  lugs,  /,  prevent 

under  tension.     This  joint,  especially 

the  iron  strap,  is  well  adapted  to  a 
trength  depends  on  the  shearing  value 
tension  of  the  strap/^.  The  shearing 
be  length  between  the  bolts  n,n  plus 

be  torn  out  by  the  lugs  /  toward  the 
of  the  beam.  The  sizes  of  bolts  and 
ortioned  to  the  shearing  value  of  the 
Qot  fit  for  a  transverse  strain,  which 
rap  and  tear  out  the  bolts. 
Es  after  the  scarfing  is  complete  and 

this  joint  will  work  loose  and  cause 
:arefu1l7  watched  and   the   bolts   are 
;  to  time,  until  the  wood  is  thoroughly 
iliage  ceases, 
jf  the  joint  on  the  line  de  varies  with 

circumstances,  as  will  be  explained 


ihown  another  form  of  scarf  joint  well 
compression.  The  combined  bearing 
nieces  a  and  b  are  still  equal  to  the 
mber,  and  the  tendency  to  bend  in  the 
is  lessened  by  the  form  of  the  scarfed 
out  tbe  use  of  an  iron  plate,  or  strap. 
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liic  joint,  however,  is  not  adapted  to  a  transverse  strain,  as 
the  parts  are  cut  away  too  much. 

The  timbers  <z  and  ^  are  first  sawed  half  through  their 
depth  and  prepared  in  the  same  manner  as  for  the  joint  in 
Pig-  14,  but  from  the  top  of  the  lap,  and  at  a  distance  from 
ihe  end  of  the  timber  equal  to  half  the  thickness  of  the  lap, 
the  timber  is  again  sawed  through,  until  the  line  f  *  on  tim- 
ber 6  is  equal  to  one-quarter  the  depth  of  the  entire  timber, 
or  one-half  the  depth  of  the  lap.  The  material  between  c  k 
and  the  end  of  the  lap  is  then  removed,  and  on  the  shoulders 
of  timbers  a  and  b,  half  way  between  the  surface  and  the  pro- 
jecting lap,  the  timber  is  sawed  through  in  the  direction  of 
its  length  a  distance  kd,  on  timber  a,  equal  to  one-half  the 
thickness  of  the  lap.  After  this,  the  material  between  ke  and 
the  face  of  the  shoulder  is  removed  with  a  chisel,  care  being 
takea  to  keep  the  surfaces  parallel  and  true  throughout  the 
thickness  of  the  timber.  The  pieces  a  and  b  are  fitted  nicely 
together  in  the  position  shown  in  Fig.  15,  and  at  the  middle 
of  the  line  of  the  joint  e  j  is  marked  the  position  of  the 
rectangular  hole  lop,  the  depth  lo  being  equal  to  about  one- 
sixth  the  depth  of  the  timber  and  the  length  of  the  hole  op 
twice  the  depth  lo.  The  timbers  are  then  separated  and  half 
the  hole  lop  is  cut  in  each  piece  separately,  and  the  distance 
from  0  to  e  on  timber  b  is  made  from  A  to  i  of  an  inch 
.  Ereater  than  the  distance  /e  on  timber  a.  When  the  pieces 
are  finally  put  together,  a  pair  of  wedge-shaped  keys  r,  s  are 
driven  into  the  hole,  thereby  forcing  all  the  bearing  surfaces 
into  close  contact.  Holes  are  then  bored  through  the  depth 
^f  the  timbers,  and  four  bolts  m  are  inserted  and  screwed  up 
tight  against  the  circular  washers  n. 

26.  The  advantage  of  this  joint  over  that  shown  in 
'^'E-  14  is  that  the  abutting  parts  can  be  better  drawn 
together  by  means  of  the  keys,  and  the  tongues  dt  and  ji, 
^'  the  butt  joints,  tend  to  keep  the  surfaces  of  the  timbers 
"Qsh,  even  during  shrinkage.  Should  the  two  pieces  com- 
posing the  joint  shown  in  Fig,  15  shrink  to  any  consider- 
"^is  extent,  the  only  result  would  be  the  loosening  of  the- 
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r  and  s  were  made  of  some  harder 

themselves,  and  therefore  did  not 
)ortion.  This  would  cause  the  joint 
liddle  part  of  the  line  ej,  but  it  could 

the  keys  about  tV  inch  less  in  thick- 
Shrinkage  would  then  not  affect  the 
tt  all,  and  the  bolts  could  be  tightened 
I  the  previous  case,  the  joints  being 
id  secure  at  all  times. 
apted  to  resist  compression  than  ten- 
the  entire  strain  would  come  on  the 

s.  Great  care  should  therefore  be 
t  is  to  be  subjected  to  tensile  strains, 
t  the  holes  tightly  and  that  the  keys 
se,  under  alternate  compression  and 
le  to  work  loose.  In  a  joint  of  this 
ect  fitting  is  required. 

1  in  Fig.  16  is  designed  to  resist  ten- 
The  line  dl  is  carried  across  the  tim- 
m,  being  offset  at  lo,  and  oe  is  drawn 
parallel  with  dl.    The 
shoulders  dc  and  ef  should 
never   be   less   than   one- 
sixth  the  depth  of  the  tim- 
ber and  should  be  at  right 
angles  to  the  slanting  lines. 
This  style  of  joint  is  not 
adapted    to    compression, 
as  the  oblique   surfaces 
tend  to  rupture  the  joint 
jwever,    under   tensile   strain,    it   is 
lown  in  Fig.  14.  as  part  of  the  stress 
n  strap  jn,  which  is  applied  in  the 
14. 

is  subjected  to  a  transverse  strain, 
>n  and  its  under  side  is  in  tension. 
.  is  under  a  transverse  strain,  such  as 
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the  tension 

nt  shown  in 
ses  through 
<i  the  key- 
also  in  that 
line  of  the 
is  cut  at  an 
c  hg.  This 
beam  much 
e  under  a 
lending  to 
direction  of 
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iition  where 
should  have 
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splicing  the 
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3  of  leDEthening  timber  and  preserving  a 
ee  of  strength,  both  for  longitudinal  and  for 
s,  is  shown  in  Fig.  20.  Three  thiclcnesses 
ber  of  the  same  size  are  bolted  together 
the  joints  /^and  hde  being  squarely  sawed 
d  in  order  to  secure  a  good  bearing.     The 


B  holes  exactly,  and  the  nuts  on  their  ends 
as  tight  as  possible.  Where  timbers  are 
ip,  two  bolts  in  the  depth  should  be  used. 
parate,  either  by  the  "sandwich"  part  being 
mber  shearing  between  the  bolt  holes  and 
:ams,  or  by  the  bolts  shearing  if  the  other 
ter  resistance. 

rtioning  scarf  and  lap  joints,  such  as  shown 
16,  and  18,  where  bolts  and  plates  or  bolts 
used,  the  whole  length  of  the  joint  should 
th  of  the  timber,  if  oak,  ash,  elm,  or  hard 
however,  pine  or  spruce  is  used,  the  joint 
hree  to  four  times  the  depth  of  the  timber, 
er  is  thoroughly  seasoned,  the  joints  shown 
8  will  be  self-sustaining  without  bolts  and 
le  small  saving  acquired,  it  is  not  wise  to 

^1  is  shown  a  form  of  joint  more  suitable 
han  any  of  the  foregoing  scarfed  joints,  but 
tensile  strain.  The  ends  of  the  timbers  a 
y  squared  on  the  line  cde,  and  in  the  center 
li  piece  is  bored  a  hole  to  take  the  stud  bolt 
'g\  at  a  distance  from  the  end  of  each,  and 
)-thirds  the  thickness  of  the  post,  a  square 
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"ole  4  is  cut,  into  which  a  nut  for  the  bolt  is  inserted  and 
*^OQgh  which  this  nut  is  screwed  tight  on  each  end  o(  the 
stud  bolt.    This  brings  both  ends  of  the  post  into  close  con- 
**ct,  so  that  there  will  not  be  any  perceptible 
Compression  at  this  point  when  the  working  load 
*•  imposed. 

o4.  In  Fig.  22  is  a  cheaper  form  of  joint  fo^ 
3  similar  purpose,  though  this  may  also  be  used 
in  positions  where  it  will  occasionally  be  sub- 
jected to  slight  tensile  strain.  This  joint  is  an 
improved  form  of  that  shown  in  Fig,  12,  having 
indents  cut  at  def,  in  order  that  any  tensile  strain 
will  come  on  the  wooden  fish-plates,  or  battens,  c 
and  the  lugs  of  the  timbers,  and  not  entirely  on 
the  nails,  or  spikes,  as  is  the  case  in  Fig.  12. 
^ach  of  the  plates  c  should  have  a  thickness  '"■  ^ 

equal  to  not  less  than  one-quarter  the  depth  of  the  tim- 
ers a  and  b,  and  the  indents  de{  should  be  not  more  than 
one-third  the  thickness  of  the  fish-plates.     The  entire  length 
of  the  joint  from  d  to  d'  may  be  three  times  the  timber  depth, 
and  the  length  of  the  indent  from  f  to-d  about 
one-quarter  the  length  of  the  joint. 
The  Ssh-plates  may  then  be  bolted 
through   the   timber   from    side   to 
side   with   four   bolts,    or   may   be 
spiked  to  each  side  with  from  eight 
to  twelve  spikes,  as  shown. 

35.  In  Fig.  23,  the  fish-plates  are 
replaced  by  iron  straps  c  not  less  in 
breadth  than  one-sixth  the  thickness 
of  the  timber.  These  straps  are 
sunk  into  the  face  of  the  wood  a 
depth  equal  to  their  thickness,  as 
p^  shown   at  e.     Holes   are   bored   or 

punched  into  these  straps  to  receive  '°' 

^Sscrews,  or  spikes, -which  serve  to  bind  the  timbers 
^tfaps  together.    The  iron  or  hardwood  dowel  d  in  the 
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)osts  serves  to  keep  the  two  pieces  in  aline- 
int  is  suited  only  for  compressive  strains,  and 
lould  be  used  only  in  a  perpendicular  position, 
t  itself  is  independently  supported. 
tes  the  description  of  some  of  the  joints  most 
i  in  the  framins  of  buildings.  In  Fig.  24  is 
•osi  truss,  with  detail  perspective  of  the  various 
for  a  span  of  from  40  to  45  feet,  in  which  a 
:  joints  described  herein  is  shown.  At  one 
•s  is  shown  the  proper  construction  in  case  a 
used;  at  the  other  end  is  shown  the  c 


81LL8.    P09T8,    AND    8TTTD8 

LFpentry  work  in  a  frame  building  usually  com- 
:he  foundation  is  completed.  First,  a  timber, 
(see  a.  Fig.  3),  is  laid  and  bedded  in  haired 
J  top  of   the   foundation  wall  to  receive  the 

of  wood.  This  sill  varies  from  6  in.  X  8  in. 
.  in  regular  framed  buildings,  from  4  in.  X  6  in. 
in  balloon-framed  buildings,  and  is  laid  1  inch, 
:s  of  the  sheathing,  from  the  outer  face  of  the 
11.  The  comers  of  the  sill  are  halved,  as 
6,  and  when  necessary  to  splice  it  in  order  to 

run  of  wall  than  can  be  accomplished  by  one 
:imber,  the  beveled-splicing  joint,  shown  in 
dly  adopted. 

posts  are  then  erected  at  the  angles  of  the 
lown  at  i.  Fig.  3,  and  are  usually  composed 
'  to  8"  X  10"  timbers  in  regular  frames,  and  of 
:o  6"  X  8"  timbers  in  balloon  frames,  accord- 
:h  of  the  studs.  In  regular  frames,  the  lower 
ner  post  is  generally  mortised  into  the  sill  at 
-ner,  and  its  upper  end  is  mortised  into  the 

while  in  balloon-framed  worlc  the  comer  posts 
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%  some 
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the  studs  should  always  extend  from  tt: 
one  piece  if  possible;  where  the  height  is 
be  spliced  in  the  manner  shown  in  Fit 
floorbeams  in  the  second  or  third  story 
a  ledger  board,  or  ribbon,  is  notched  into  t 
being  spiked  to  the  adjacent  stud.  In 
upper  fioorbeams  rest  on  the  intertie,  as  s 


FLOORS 

38.     Wooden  floors  are  composed  > 
ported  by  joists.     These  floors,  in  addit 


they  have  to  sustain,  usually  carry  a  ceili 
or  metal,  the  weight  of  which  has  to  be 
the  joists  span  the  space  between  bear 
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load  is  equally  distributed  along  the  walls  over  solid  piers 
and  openings  alike,  as  shown  tn  Fig.  25. 

Where  the  openings  are  wide  and  in  buildings  subjected  to 
heavy  loads,  it  is  usual  to  span  the  building  with  large 
wooden  beams  or  steel  girders  resting  on  solid  piers  and  to 


run  the  floor  joists  parallel  with  the  walls.  By  this  means 
the  loads  are  carried  and  transmitted  by  the  solid  portion 
of  the  wall  to  the  earth,  as  shown  in  Fig.  26.  Unless  this  is 
done,  special  headers  of  wood  or  steel  must  span  the  openings 
(or  the  support  of  the  floor  joists. 

39.  Joists,  or  floorbeaxQs,  are  sized  or  notched  on  the 
sill,  or  girder,  as  shown  in  Fig.  27,  in  order  to  bring  their 
tops  to  an  even  line,  any  variation  in  the  depth  of  the  joists  b 
being  removed  with  the  notch  at  ed,  so  thai  all  the  joists  are 
exactly  the  same  depth  from  a  to  c,  thus  securing  an  aline- 
ment  of  their  upper  edges.  Nearly  all  timbers  will  curl  or 
warp  more  or  less  in  drying  out,  or  seasoning,  and  when  the 
joists  are  laid  they  should  be  placed  with  the  convex,  or 
crowning,  side  upwards,  in  order  .that  any  deflection  of  the 
joist  due  to  the  superimposed  weight  will  bring  the  floor  to 
a  level  line  rather  than  produce  a  sag  or  dip  in  the  middle 
of  its  span. 

Where  spans  are  over  16  feet,  the  upper  edges  of  the 
joists  should  be  cambered,  or  rounded,  at  the  rate  of  }  inch 
in  20  feet,  to  allow  for  ultimate  settlement.     The  depth  of 
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joists  c&n  be  determined  roughljr  by  dividing  the  span  in 
feet  by  2,  and  adding  2;  thus,  for  a  span  of  16  feet,  the 
depth  of  joist  would  be  16 +  2  =  8  +  2=  10  inches. 

In  the  second  story  of  a  frame  building  the  joists  are 
notched  over  the  interties,  or  girts,  in  the  same  manner  as 
over  the  sill;  and  in  balloon  frames,  where  the  girt  may  be 
but  an  inch  in  thickness,  the  joists  are  cut  on  the  under  side, 
forming  a  channel,  or  groove,  across  the  joist  that  rests  on 
the  si^<  which  not  only  brings  the  tops  of  the  joists  to  a  level, 
bttt  also  forms  a  tie  across  the  building.     In  brick  or  stone 


walls,  the  joists  are  maintained  at  the  same  level  by  placing 
small  pieces  of  slate  under  the  narrow  ones,  and  thus  raising 
them  to  the  proper  level.  Thin  slips  of  wood  are  some- 
times used  instead  of  slate,  but  as  they  are  seldom  made  of 
a  uniform  thickness  and  squeeze  readily  under  pressure, 
they  are  not  to  be  recommended. 

40.  Anchors. — A  method  of  tying  joists  into  a  brick 
wall  is  shown  at  A,  Fig.  32,  where  a  strip  of  iron  not  less 
than  I  in.  X  ti  in.  in  section,  called  an  anchor,  is  nailed  to 
the  side  of  the  joist,  and  the  end,  which  is  bent  around  a 
1-inch  iron  rod,  is  allowed  to  project  from  4  to  8  inches 
beyond  the  end  of  the  joist;  the  brickwork  or  stonework  is 
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then  carried  up  tightly  around  it,  enclosing  the  anchor  and 
secnrine  the  joist. 

Id  Fie,  28  are  shown  various  types  of  iron  anchors  for 
tying  wooden  floor  joists  to  stone  or  brick  masonry;  they  are 
made  of  wrought  bar  iron  forged  to  suit.  At  (a)  and  (i)  are 
shown  anchors  to  bind  the  walls  parallel  with  the  joists; 
they  are  usually  made  I  in.  X  2  in.,  and  run  over  five  joists 
with  a  lug  over  tjie  last  joist.  The  wall  end  may  have  a 
plate  or  double-forged  lug,  as  shown.  These  anchors  are  set 
Sush  with  the  top  of  the  joists,  to  which  they  are  individually 
spiked  before  the  flooring  is  laid.  It  will  be  observed  that  a 
very  rigid  anchorage  is  thus  obtained.  At  {c)  is  shown  the 
usual  form  made  with  a  strap  from  20  to  24  inches  long, 
forged  over  a  i-  or  J-inch  rod,  to  form  the  lug.  The  strap 
is  spiked  to  the  joists.  At  (d)  and  M  is  shown  a  rod  anchor 
that  hooks  over  a  round  rod  driven  into  the  joists,,  and  allows 
the  joists  to  fall  out  readily  during  a  fire,  without  dislodging 
or  overturning  the  brickwork.  At  {/)  is  shown  a  strap  anchor 
passing  through  the  wall  and  threaded  for  a  nut;  the  washer 
on  the  outside  furnishes  a  large  hearing  area.  It  will  be 
observed  that  the  brickwork  in  this  case  is  corbeled  out  two 
conrses,  forming  a  bearing  for  the  joists,  which  need  not 
pass  more  than  2  or  3  inches  into  the  wall.  Where  it  is 
desired,  the  joists  may  thus  rest  on  a  corbeled  table  and  not 
pass  into  the  wall  at  all,  the  wall  thereby  retaining  its  full 
thickness  and  strength.  In  this  case  there  should  be  a 
corbeling  of  at  least  seven  courses  of  brick,  each  having  a 
projection  of  8  inch.  At  (^)  is  shown  a  strap  anchor  with 
a  twisted  end  that  is  split  to  form  a  double  lug. 

41.     Floor    Deafening. — Floor    deafening    may    be 

accomplished  in  several  ways.  Fig.  29  shows  a  method  of 
deafening  by  means  of  a  layer  of  heavy  felt  a  spread  over 
the  floorbeams  6,  over  which  are  nailed  2"  X  8"  furring 
strips  c.  Another  layer  of  felt  d  is  laid  over  the  furring  strips 
and  the  flooring  g  is  laid  over  this.  If  there  are  two  layers 
of  flooring,  it  is  advisable  to  interpose  one  thickness  of  fell 
between  them.     The  felt  laid  over  the  beams  and  furring 
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Irawn  ti^bt,  but  is  allowed  to  bang  loose,  a? 

igure. 

is  shown  a  modem   improvement  of  an  old 

tfening  the  floor  by  interposing  some  filling 


sen  the  beams.  In  this  case  I"  X  U"  fnrring 
id  to  the  sides  of  the  beams,  as  shown  at  a, 
rest  the  deafening  boards  b,  which  are  cut  in 
heir  grain  at  right  angles  to  the  direction  of 


Pis.  30 

lie  space  to  the  tops  of  the  beams  is  then  filled 
ool,  as  shown  at  c,  and  the  boards  of  the  floor 
:  beams  tn  the  usual  manner.  The  layer  ot 
may  be  only  3  or  4  inches  in  thickness,  if 
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desired.  In  the  old  method,  instead  of  the  filling  of  mineral 
wool,  it  was  customary  to  put  in  a  layer  of  mortar  about 
2  inches  in  thickness,  composed  of  lime  and  ashes. 

42.  Bridglag. — The  term  brtdKtng  is  given  to  a  sys- 
tem of  bracing  applied  between  joists  in  order  to  prevent 
tbem  from  bending  sidewtse  or  curling  out  of  position  after 
they  are  in  place.  Bridging  also  tends  to  strengthen  the 
floor  system  when  it  is 

not  uniformly  loaded, 
by  distributing  the 
weight  among  the  ad- 
jacent joists.  Fig.  31 
shows  a  simple  and 
effective  method  by 
which  this  is  accom- 
phshed,  called  her- 
rlng-lione  brldg;- 
ing.  Herring-bone 
bridging  is  generally 
formed  of  2"  X  4" 

pieces«and*,Fig.3I,  *'"'■ " 

cut  between  and  well  nailed  to  the  joists  c,  as  shown,  and 
spaced  in  rows  from  5  to  6  feet  apart. 

Bridging  is  also  accomplished  by  driving  in  pieces  of 
boarding  1  inch  thick  between  the  joists  and  nailing  them 
well,  but  the  shrinkage  of  the  joists  renders  them  of  little 
value. 

43.  Trimmer  Joists. — Where  a  chimney  occurs  in  the 
side  wall  or  in  the  center  of  a  building,  it  is  necessary  to 
frame  the  joists  in  such  a  manner  that  none  of  them  will 
come  within  4  inches  of  the  brickwork  enclosing  a  chimney 
flue.  This  is  accomplished  as  shown  in  Fig.  32,  the  method 
of  framing  and  the  joints  required  having  been  already 
described.  When  there  is  to  be  a  fireplace  opening  and 
hearth  in  front  of  the  chimney,  the  header  a.  Fig.  82,  should 
be  placed  from  1  ft.  9  in.  to  2  ft.  6  in.  away  from  the  chimney 
bfeast,  in  order  to  provide  room  for  a  trimmer  arch  of  brick. 
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This  matching,  though  formerly  worked  entirely  by  hand,  is 
now  done  by  machinery  at  the  mill,  where  the  material  is  cut 
up  from  the  seasoned  timber.  Matched  flooring,  therefore, 
is  a  commercial  article  purchasable  at  any  lumber  yard, 

45.  When  laid,  matched  floor  boards,  S  and  li  inches 
thick  are  from  i  to  I  inch  narrower  than  the  width  at  which 
they  are  purchased,  which  shortage  represents  the  amount 
cutaway  in  the  milting.  At  a, 6,  and  c.  Pig.  33,  are  shown 
ihree  pieces  of  matched  4-inch  flooring,  which  measures, 
when  laid,  but  38  inches,  as  shown,  but  the  part  d  projects 
i  inch,  making  the  total  width  of  the  board  3i-  inches,  the 
remaining  i  inch  being  lost  partly  in  waste  in  the  process  of 
matching  and  partly  by  shrinkage  after  the  matching  has 
been  done. 

At  one  edge  of  the  board 
a  projecting  rib  d,  called  the 
loague,  is  cut,  and  on  t 
opposite  side  a  groove  e  is 
soak  a  trifle  deeper  than  the 
projection  of  the  tongue. 
The  upper   edge  /  of   the  Fm.  ss 

groove  projects  about  iV  inch  more  than    the  lower  edge 
so  that  when  the  flooring  is  laid  and  the  groove  is  driven 
tight  on  to  the  tongue,  as  at  /,  the  -sV-incb  clearance  between 
the  front  of   the   tongue   and   the   bottom  of   the    groove 
at  m,  and  between  the  shoulder  of  the  tongue  and  the  lower 
^ge  of  the  groove  at  n,  leaves  the  upper  edge  of  the  groove 
fo  be  driven  tight  against  the  upper  shoulder  of  the  tongue, 
Ibereby  forming  a  tight  joint  on  the  surface,  as  shown  at  p. 
The  same  result  is  obtained  by  keeping  the  under  shoulder 
Of  the  tongue  slack,  in  which  case  the  grooved  edge  would  be 
square.  The  tongue  is  always  placed  slightly  below  the  center 
"'  the  thickness,  so  as  to  give  more  wearing  surface  to  the 
°'^r  and  render  the  edge  of  the  groove  less  liable  to  curl. 
•^hen  this  matched  flooring  is  of  hardwood,  such  as  oak, 
.""^Ple,  or  of  yellow  pine,  a  shallow  groove  about  A  inch  deep 
^Ut  along  the  under  side,  es  shown  on  pieces  b  and  c  aX  h  i. 
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the  boards  to  be  laid  tight  to  the  beams  or 
e,  and  causes  them  to  ^e  less  affected  by  any 
mess  of  the  substructure. 

bed  flooring  should  always  be  blind-nailed; 
ails  should  be  driven  in  the  upper  angle  of  the 
own  at  k,  in  a  diagonal  direction.  In  the  hard- 
ails  should  be  punched  in,  so  that  their'heads 
w  the  surface,  and  as  the  grooved  edge  of  the 
pers  the  tongue,  it  hides  them  from  sight.  The 
ailed  only  on  the  tongue  edge,  as  the  groove 
ast  by  the  tongue.  Next  the  wall,  on  both  sides 
it  is  necessary  to  nail  the  first  and  last  boards 
ipper  face. 

ption  of  flooring  would  more  often  apply  in  the 
uble  floor,  though  a  first-class  job  of  a  single 
'  would  demand  equal  care. 
tile  Floors. — A  doable   floor   consists  of  a 
srmatched  floor  of  boards  (preferably  matched), 

the  beams  are  in  place  and  bridged,  and  of  a 
lished,  floor  of  the  character  just  described  in 
hen  all  the  rough  work  in  the  building  is  com- 
:n  the  joiner  work  is  in  progress.  In  first-class 
ished  floor  should  not  be  laid  until  the  base, 
3oor  trim,  etc.  have  been  fixed  in  place.  Over 
or  of  a  building,  all  the  coarse  work  is  carried 
thing,  plastering,  and  the  first  coats  of  painting. 
1  two  thicknesses  of  flooring  are  laid,  the  first, 
r  is  generally  laid  diagonally  across  the  beams, 
a,  Fig.  34,  and  the  second,  or  finished,  floor  is 
:>{  this,  but  at  right  angles  to  the  twams,  as 
When  the  rough  floor  is  laid  at  right  angles  to 
id  the  finished  floor  runs  in  the  same  direction 
the  shrinking  of  the  wide  boards  beneath  may 
three  of  the  boards  of  the  finished  floor  up 
ler,  thereby  leaving  open  joints  in  the  upper 
ar  intervals,  corresponding  very  nearly  with  the 

rough  boards  below.    The  diagonal  laying  of 
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the  tower  flooring  obviates  this  difficult;,  and  to  insure  an 
even  bearing  all  around,  it  is  sometimes  necessary  to  nail 
between  the  beams,  at  their  ends,  some  supporting  pieces  m  m, 
to  which  the  diagonal 
boards  may  be  spiked, 
The  rough  floor  should 
be   well  nailed   to   the  ' 
joists,  and  care  should  be 
taken  that  the  finished 
floor  is  nailed  only  over 
the  joists;  when  driven 
into  the  boards  only,  the 
nails  have  little  holding 
power  and  are  liable  to 
work  loose.     For  floors  ^°"  ** 

i  inch  thick,  2j-inch  cat  nails  should  be  used,  and  for  Ij-inch 
floors,  3-incb  nails.  A  layer  of  asphalt  felt  should  be  laid 
between  the  rough  and  finished  floors,  which  serves  both  as  a 
deafening  and  a  cut-oS  where  floors  are  washed,  preventing 
water  from  working 
through. 

The  thicknesses  of 
the  boards  in  the 
lower  and  upper  lay- 
ers of  a  double  floor 
are  usually  1  inch  and 
i  inch,  respectively, 
but  single  floors  in 
good  dwellings 
should  have  the 
boards  at  least 
•""■  **  li  inches  thick.     In 

mills,  factories,  warehouses,  etc.,  the  flooring  varies  from 
li  to  4  inches  in  thickness.  Where  the  wooden  sill  of  an 
outside  doorway  is  butted  up  against  the  flooring,  a  metal 
tongue  should  be  inserted,  as  shown  at  a  in  Fig.  36. 
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PARTITIONS 

Tucted  of  pieces  of  timber  from 
a  section,  called  studs,  which 
pth  of  the  stud  in  the  direction 
tion,  and  are  spaced  12  or  16 
suit  the  4-foot  lengths  of  lath 
Siflerence  that  may  be  required 
one  end  of  the  room;  or,  where 
1  caused  by  the  insertion  of  a 
ice  shonid  be  made  entirely  on 
very  spacing  of  studs  that  is  a 
I  cause  the  laths  to  project  past, 
nailing  point  for  their  ends, 
the  cutting  of  the  lath  at  the 
reby  causing  an  expenditure  of 

Boor  and  roof  joists  should  be, 
us  from  cellar  to  roof.    Cellars 

brick   walls   that   carry   these 
■titions,  or  they  may  have  posts 

girders  on  which  rest  the  first 
ts.    On  these  beams,  the  studs 
t-story   partitions   should   rest 
E  studs  of  the  second-story  par- 
jld  rest  directly  on  the  ceiline 
,  as  shown 
oof.    This 
lement  of 
he  shrink- 
I  partition 
the  joists. 


placed  at 

1  does  not  ^°- " 

it,  as  shown  in  Fig.  36,  a  sill  a 

the  studs  c  set  thereon. 
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Where  a  partition  is  at  right  angles  to  the  joists  and  has  a 
partition  directly  under,  as  shown  in  Fig.  37,  the  studs  t'  rest 
on  the  ceiling  plate  b,  which  in  turn  is  supported  by  the  stnds  c. 
The  studs  are  securely  spiked  to  the  sill  and  the  plate. 

51.  In  Fig.  38  is  shown  a  method  of  securing  a  firm 
internal  angle  at  the  comer  of  a  building;  a  is  the  corner 
post  of  a  building  resting  on  the  sill  s,  and  b',b,b  are  the 
stnds  of  the  outside  wall.  The  comer  post  in  this  case  i*i 
made  of  a  4"  X  6"  piece  a,  and  a  2"  X  i"  stud  f  is  spiked  to 


it  flush  with  the  outside.  This  arrangement  leaves  the  two 
surfaces  c  and  e,  to  which  the  ends  of  the  lath  of  each  wall 
may  be  securely  nailed. 

52.  In  Fig.  39  is  shown  a  method  of  forming  the  interior 
angles  where  partitions  are  placed  at  right  angles  to  each 
other;  ^.g"  are  two  studs,  which  may  also  be  in'the  outside 
wall  of  a  building,  and  h,  h  are  the  studs  of  an  interior 
partition.  At  /  on  the  partition,  or  wall,  is  a  board  1  inch 
thick  and  3  inches  wider  than  the  stud  h  to  which  it  is  nailed. 
This  board  extends  from  the  sill  a  to  the  top  of  the  partition, 
thus  aSording  a  surface  on  each  partition  where  the  lath 
ends  may  be  nailed,  as  at  d  and  e.  Strips  may  with  advan- 
tage be  secured  in  between  the  studs  g,  gf,  to  which  the 
board  /  can  be  nailed. 
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allow  for  subsequent  shrinkage  of  the  beam.  It  is  shrink- 
age of  material  that  causes  new  houses  to  settle,  and  if  the 
settlement  is  uniform,  no  harm  results;  but  irregular  settle- 
ment causes  uneven  floors,  cracked  plaster,  and  doors  and 
windows  that  refuse  to  open  readily  or  close  tightly. 


Good,  sound,  well-dried  material,  therefore,  should  always 
be  used,  when  such  is  obtainable,  and  all  unsound,  warped, 
knotty,  sappy,  or  shaky  timber  should  be  rejected. 

55.  llot-AirPipettln  Partitions.— In  Figf.  42  is  shown 
a  method  of  supporting  a  partition  parallel  with  the  floor 
joists,  as  well  as  allowing  a  spaoe  through  which  to  run  a 
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NO  5"  X  12"  beams,  or  such  size  as  the  coa- 
ire  laid  with  a  6-inch  space  between  and  are 
hroueh  4"  X  6"  blocks  a,  with  3-inch  bolts  A 
stud;  2"  X  4"  pieces  c  alternating  with  the 
d,  except  where  the  heating  flue  occurs,  are 
beams  and  nailed.  In  cases  where  the  cost 
1,  the  bolts  may  be  omitted  and  the  blocks 
place,  relying  on  the  cross-bridging  for  sup- 
directions.  All  blocks  are  put  in  on  a  level 
le  beams,  A  2"  X  6"  sill  d,  on  which  to  foot 
lid  on  these  blocks.  This  sill  is  cut  between 
it  is  desired  to  run  the  tin  heating  flue,  thus 
I  to  run  through  the  partition  between  the 
Is  and  all  woodwork  around  the  heating  flues 
I'ered  with  tin  e  or  some  other  sheet  metal, 
od  from  the  heat  of  the  Bue.  Metal  lath  /  is 
:n  the  studs  where  the  flue  runs,  in  this  way 
ossibility  of  a  fire,  which  otherwise  is  liable 
the  flue  become  very  hot.  The  flue  should 
(vith  asbestos  lining,  so  that  tt  may  commu- 
leat  as  possible  to  its  surroundings.  The 
le  heating  flue  is  generally  adopted  for  good 
isidered  the  best  form,  as  it  allows  the  hot 
hout  obstruction. 

>nDenrenliig. — The  deafening  of  a  sheathed 
tition  may  be  accomplished  by  inserting  a 
^It  between  the  staggered  studs  that  support 


^1  She^tHlHf 

b-. 

'■^---■'■C"~T^*---«-T~ 

'     i       is'      1        is"      \" 

™™_™ 

m  in  Fig.  43.  The  studs  a,  a'  are  2  in.  X  4  in.. 
12  inches  on  centers  for  sheathing,  and  at 
:ering.  However,  instead  of  being  set  to  an 
second  stud  a  is  placed  2  inches  back  of  the 
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line  of  the  studs  a',  and  the  sheathing  b  is  nailed  to  every 
second  stud  onl?,  thereby  making  each  side  of  the  partition 
practically  a  separate  structure.  Before  the  sheathing  is 
applied,  one  or  two  layers  of  heavy  building  felt  c  should  be 
woven  between  and  secured  to  the  studs,  as  shown,  in  order 
to  absorb  any  sound  vibrations  that  may  pass  through  the 
sheathing.  This  felt  should  be  very  heavy — about  9  square 
feet  to  the  pound — and  should  not  be  drawn  tight  from  stud 
to  stud,  but  simply  laid  in  somewhat  slack  and  tacked  io 
place  on  each  stud. 

57.  LAthlng. — Lathing  is  applied  to  the  partitions  as 
soon  after  the  studs  are  in  place  as  is  convenient.  Where 
pipes  or  wires  are  to  be  carried  within  the  walls,  it  is  some- 
times necessary  to  delay  at  least  a  portion  of  the  lathing 
until  they  are  in  place;  or,  when  the  exact  location  of  these 
interior  lines  is  determined  on,  the  lath  may  be  left  off 
one  side  of  the  partition  until  the  wiring  or  pipe  lines  have 
been  inserted. 

When  lathing  is  applied  to  the  ceiling  of  a  room,  it  is 
sometimes  nailed  directly  to  the  under  side  of  the  ceiling 
beams,  though  in  first-class  jobs  it  is  always  best  to  provide 
some  tneans  of  bringing  the  bottoms  of  the  ceiling  beams  to 
a  level  alinement  before  the  lath  is  nailed  on. 

Laths  consist  of  strips  of  soft  wood,  generally  li  inches 
wide,  \  inch  thick,  and  48  inches  long.  They  are  laid  hori- 
zontally on  the  partitions,  nailed  to  each  stud,  and  maintained, 
as  nearly  as  possible,  at  a  uniform  distance  apart — usually 
from  i  to  j  inch,  as  shown  at  g,  Fig.  48, 

To  guard  against  unsightly  cracks  in  the  plaster  at  the 
angles  of  the  rooms,  suitable  nailing  strips,  as  rf  and  t,  Fig.  39, 
or  double  studs,  as  a  and  *",  Fig.  38,  must  always  be  pro- 
vided. Under  no  circumstances  must  the  lath  be  permitted 
to  extend  across  from  one  stud  to  another  behind  the  end  of 
a  partition,  as  from  g  to  g'.  Fig.  39, 

58.  Plaster  Grounds. — Where  aijy  woodwork  is  to  be 
applied  against  a  plastered  wall,  such  as  a  baseboard,  chair 
rail,  wainscot,  picture  molding,  etc.,  it  is  always  necessary  to 
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ing  to  nail  the  woodwork  asainst,  in 
plaster  and  insecure  fastening,  which 
iltog  through  to  the  lath  and  plaster 
ore,  a  Kronnd,  or  nailing  strip,  is 
ding  at  such  a  height  as  the  top  of  the 
ill  reach,  and  of  a  thickness  equal  to 
ster.  To  this  ground  the  trim  is  fast- 
ring  is  finished  and  dry.  When  the 
I  the  form  of  a  wainscot  or  other  wide 
:s  necessary  to  have  several  grounds 

0  which  the  separate  pieces  may  be 
i  desirable  in  grst-class  work  to  have 

the  grounds,  even  down  to  the  floor 

1  to  that  point,  as  the  back  of  the  trim 
om  exterior  dampness  and  drafts,  and 
rtunity  to  make  passages  behind  the 

imary  purpose  of  grounds  is  to  form 
1  for  interior  trim,  they,  at  the  same 
and  most  important  function — that  of 
plaster.  If  no  grounds  are  provided, 
ly  carried  to  some  arbitrary  point  that 
ihtt  trim,  an  insecure  job  results  and 
!r  are  liable  to  break  off  and  crack  as 
e,  thereby  necessitating  patching  and 
'  is  complete.  However,  if  a  ground 
where  the  plaster  will  stop,  the  entire 
in  a  frame  and  is  secure  from  damage. 

InjT. — In  Art.  39  is  explained  the 
ring  the  top  of  all  the  floorbeams  into 
1  be  readily  seen,  any  irregularity  in 
as  will,  by  this  method,  be  thrown  to 
efore,  when  the  under  side  of  these 
plastered  ceiling,  they  must  first  be 
^f  cross-turrInK-  This  is  accom- 
;reon  furring  strips  1  inch  thick  by 
spacing   them    12  inches  on  centers. 
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These  furring  strips  are  either  notched  over  the  beams  or 
dropped  below  them  by  the  insertion  of  slips  to  bring  them 
in  line.  The  laths  are  then  nailed  on  these  furring  strips. 
When  a  ceiling  is  cross-furred,  it  is  more  rigid;  the  plaster 
is  less  liable  to  crack  by  the  vibration  of  the  joists,  and, 
being  generally  of  less  width  than  the  thiclcness  of  the  joists, 
a  better  key  is  secured  for  the  plaster. 

61.    Trussed  partitions  are  sometimes  necessary  where 
there  is  no  supporting  partition  in  the  story  below,  or  where 


a  partition  has  a  number  of  doors  or  other  openings  through 
it,  80  weakening  it  that  it  cannot  safely  carry  the  required 
weight  to  be  imposed  on  it.  Fig.  44  shows  a  trussed  par- 
tition with  a  door  4  ft.  6  in.  X  7  ft.  6  in.  in  the  center  of  it. 
The  sill  a  and  the  plate  6  are  made  5  in.  X  7  in.  The  studs 
at  each  side  of  the  door  are  3  in.  X  5  in.,  and  the  upright 
wall  members  g-  are  6  in.  X  5  in.  The  height  of  the  door 
is  limited  by  the  3"  X  5"  timber  e;  from  the  ends  of  thfe 
Hmber  p  the  braces  d  extend  to  the  ends  of  the  sill  a,  where 
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wall,  posts  g,  which,  in  turn,  must  be  w( 
below. 
63.     Door  and  Wlndo^v  Openings.— 

openings  more  than  3  feet  wide,  over  w 
joists,  should  have  their  heads  trussed,  as 
the  tie-beam  c  resting  on  the  studs  d, 
footed  into  the  tie-beam.  This  prevents  t 
from  sagging  in  the  center,  as  the  ,super 
carried  to  the  side  studs  d. 

Double    studs,   or   larger-sized   studs, 
always  form  the  sides  of  door  and  win 


shown  at  d.  Figs.  46,  47,  and  48,  for  th( 
ing  strength  and  also  to  afford  a  nailing 
When  a  single  piece  of  timber  of  the  pre 
not  at  hand,  it  is  customary  to  spike  togt 
the  ordinary  studding  and  use  them  as 
shown  at  d.  Figs.  46  and  47. 

64.  The  sizes  of  doors  and  windows  a 
or  wording  drawings  are  the  dimensions  o: 
and  in  framing  the  openings  for  them  ii 
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pitch  usuall7  siven  to  a  flat  roof  varies 
ihes  to  a  foot,  according  to  circumstances. 
m  of  the  roof  materially  exceeds  3  inches 
f  comes  under  the  class  of  slUKle- pitch, 
ometimes  called  a  iean-lo,  as  shown   in 

enclosure  is  usually  built  against  the  side 
i  already  erected — hence  its  name  lean-to~~ 
has  to  receive  and  carry  the  drip  from 
'e,  as  well  as  its  own  collection  of  mois- 
litch  roof,  however,  is  also  frequently  used 
ic  dormer-windows,  and  in  other  minor 
lin  building. 

;cli. — When  the  pitch  falls  in  both  direc- 
tions from  the  center  of  the  build- 
ing, it  forms  what  is  known  as  a 
.  double  pitch,  or  gmble,  roof,  as 
;  shown  in  Fig.  2,  the  plan  of  which 
is  the  rectangle  fgki.    This  form 
of  roof  derives  its  name  from  the 
shape  of  its  ends,  the  triangle  a  be 
being  called  a  gable,  one  of  which 
exists  at  each  end  of  the  building. 
The  upper  edge  of  the  roof  be  is 
d  the  lower  edges,  on  each  side,  as  at  a 
leyond  the  lines  ft  and  gk  in  the  plan,  are 
shows  the  position  of  the  ridge  A^. 
wn  a  perspective  of  a  double-pitch  roof 
>ost  trusses.     The  walls  are  extended  up 
instead   of   the  roof   projecting  over  as 

^ig.  4  (a)  shows  in  perspective  a  square 
ale  on  each  of  the  four  sides.  The  ridges 
tersect  at  o,  while  the  eaves  intersect  in 
;  the  line  of  intersection  oc  between  the  , 
i  called  a  valley.  In  [b)  is  shown  a  plan 
irhich  the  lines  d' h'  and  /'^  murk  the 
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J  of  the  ridges;  the  lines  c^  a\  cf  ^,&(^,  and  <^ g'  show 
sections  of  the  slanting:  surfaces,  called  valleys,  while 
;d  outline  g'  i'  a'  is  the  form  of  the  elevation  of  the 
er  g'  k'  a'. 
Ip  Roofs. — In  Fig.  5  (a)  is  illustrated  a  rectangular 

with  a  roof  pitched  back  from  all  four  sides,  form- 
Sramid.     The  edges  oa,  ob,  and  od,  where   these 
meet,    are   called 
I  this  type  of  roof 
1  as  a  hip  roof. 

building   is   not 


Pia.  i  Pic.  5 

1  this  case,  the  pitch  of  the  side aob  it  different  from 
h  of  aod,  because  the  point  y,  as  seen  in  the 
,  is  the  intersecting  point  of  all  four  sides  (called 
)  and  is  farther  from  /'  and  h'  than  from  e'  and  g'. 
e,  the  proportion  of  rise  to  run  is  different  in 
sides,  and  the  pitches  are  necessarily  different, 
plan  of  this  roof,  shown  at  ib),  the  tinesaVand^'rf' 
e  position  of  the  hips  intersecting  at  t/.     On  the 
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dotted  line  t/Zis  laid  off  the  distance  1/  *'  equal  to  the  height 
of  the  roof  at  the  center  o';  then,  the  lines  A*  /'  and  ^  A'  show 
the  pitch  of  the  rafters,  which  are  parallel  wiih  (/ /'  and  (/A'. 
Likewise,  when  e/ T  is  laid  off  equal  to  the   height  of  the 
center  point  (/,  the  lines 
j'e'  and  i* g'  give  the 
pitch  of  the  rafters  over, 
and  parallel,  to  1/^  and 

6.  Gable-ana -Val- 
ley RoofB. — In  Fie.  6 
is  shown  the  plan  of  a 
gable-and-valley 

roof.  The  four  gables 
Its  are  precisely  similar 
to  the  four  gables   in  ^°" 

Fig.  4,  but  are   brought    forward   from   the  sides   of    the 
square  aa'aa',  giving  the  building  the  form  of  a  cross,  as 
shown.    The  dotted  line  a'»  is  drawn  equal  to  the  height  of 
the  ridge  zz  above  the  eaves,  and  the  lines  vt  and  vs  are 
then  drawn,  giving  the  pitch  of  the  gables.     Ifj  on  xa,  the 
valley  line,  xo  is  laid  off  equal 
to  the  height  of  the  ridge  and 
ea'  is  drawn,  then  oa'  will  be 
equal  to  the  length  of  the  val> 
leys  xa  and  xa'. 

7.    HI p-and -Valley  Roofs. 

The  hlp-and-valley  roof  in 

Fig.  7  is,  in  outline,  precisely 

the  same  as  the  roof  in  Fig.  6, 

but  in  its  plan  of  construction 

it   has  no  gables.     The   four 

**'  ends  of  the  two  parallelograms 

forming   this   plan   have   each   two   hips,  as  at   jtrr— eight 

iltogether — and  there  are  four  valleys,  3s,  sm,  en,  and  za, 

with  two  ridges,  jfA' and  ii'.     If  now  xl  and  i//',  each  at 

lisbt  angles  to  xx'  and  equal   to  the  height  of  roof,  are 
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elevation  of  the  ridge  if  is  connected  with  £ 
al  section  of  the  roof  j//'^-' on  the  line^^'  is 
V,  if  s€  is  drawn  equal  to  so,  and  cm  and  ga 

a  vertical  section  olE  the  roof  valleys  ^m,  xa 
nea.  To  obtain  a  vertical  section  of  the  roof 
h  is  made  equal  to  the  height  x  /,  and  h  m  and 
ed. 

Cuts  and  liengrttas. — The  manner  of  obtain- 
lengths  of    rafters  about  to  he  described   is 


graphic  method.  From  this  method,  it  will 
t  a  roof  is  composed  of  a  series  of  triangles, 
vertically  or  lying  in  an  inclined  position  at 
line. 

I  is  to  lay  out  a  roof  plan  on  a  board  or  sheet  of 
to  a  scale  of  say  \\  inches  to  1  foot.  Fig.  8  {a) 
in  of  a  roof  of  uniform  pitch,  the  wing  being 
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the  same  width  as  the  main  building;.  One  end  of  the  roof 
is  hipped,  while  the  other  ends  are  finished  with  gables,  as  may 
be  readily  understood  by  referring  to  the  perspective  view  (i), 
In  both  views,  the  same  letters  refer  to  the  same  parts. 

9.  LenKtb  and  Cuts  of  Common  Rafters. — At  the 
center  of  ab.  Fig.  8  (a),  erect  a  perpendicular  cc"  equal  to 
the  height  of  the  ridge  above  the  wall  platesj  join  </  and  t. 
Then,  the  angle  at  b  is  the  foot-cut,  and  that  at  c',  the  plumb- 
cut,  of  the  common  rafters.  The  length  may  be  found  by 
scaling.  The  angles  are  transferred  to  the  rafter  by  means 
of  a  bevel,  as  shown  in  (c),  in  which  b  is  the  foot-cut,  and  c 
the  plumb-cut. 

10.  Length  and  Cats  of  Hip  or  Valley  Rafters. — On 
the' line  that  represents  the  hip  on  plan — as  eg.  Fig.  8  (a) — 
erect  a  perpendicular  ee"  equal  to  the  height  cc'  of  the  ridge; 
join  e"  and  g.  Then,  the  angles  at  e"  and  g  are  the  pliamb* 
and  foot-cuts,  respectively,  and  the  length  may  be  found  by 
scaling.  The  length  and  cuts  for  the  valley  rafter  ik  in  this 
case  are  the  same  as  for  the  hip  rafter,  and  are  found  in  the 
same  way,  as  shown  at  h  and  i'  in  {a).  Both  hip  and  valley 
rafters  have  cheek  cuts,  which  are  the  same  as  those  of  the 
jack-rafters. 

11.  Ijengrth  an<l  Cuts  of  Jack- Rafters.— -Erect  a  per* 
pendicular  w  (t",  Fig.  8  (a),  at  the  center  of  the  spaxi  fg;  with  / 
as  a  center  and  e'g,  the  true'length  of 

the  hip  rafter,  as  a  radius,  strike  an  arc 
cutting  »if"  at ^';  join  /and  if";  then,  the 
angle  at  e"  is  the  cheek  cut.  The  foot- 
and  plumb-cuts  will  be  the  same  as  for 
the  common  rafters.  The  length  of  any 
jack-rafter,  as  op,  is  found  by  prolong- 
ing it  to  cut  fe",  as  at  ^;  then,  of/, 
measured  by  scale,  is  the  length  of  op. 

12.  Cheek  Cut  for  RafCers  of 

Any  Pitch. — On  the  face  of  the  rafter  "'"■  ' 

draw  the  plumb-cut,  as  at  a  b,  Fig.  9.    Parallel  with  a  b  draw  de 
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at  a  distance  c  equal  to  the  thickness  of  the  rafter;  square  over 
from  d  to  /,  and  join  /  and  a,  thus  obtaining  the  cheek  cut. 

13.  I/enKtbs  of  Hip  or  Volley  Hafters;  Wall  Plates 
at  Rlgbt  Angrles. — Having  fixed  the  rise  and  run  by  the 
square  for  the  common  rafter,  take  17  inches  for  the  run  of 
the  hip  or  valley  rafter.  Thus,  if  the  roof  is  one-third  pitch, 
that  is,  8  inches  rise  and  12  inches  run,  the  hip  or  valley 
rafters  will  have  the  same  rise  and  17  inches  run.  This 
rale  gives  results  too  great  by  about  iV  inch  in  10  feet. 

14.  Lengtlis  of  Jack-Rafters. — Having  obtained  the 
lengths  of  the  first  two  adjacent  jack-rafters  at  the  toe  of  the 
hip  rafter  by  the  graphic  or  other  method,  measure  the  dif- 
ference between  their 
lengths,  and  keep  add- 
ing this  difference  for 
the  subsequent  ones. 

15.     Miter  Cuts 
for  PiirltuB. — On  the 

squared  end  of  the  pur- 
lin draw  a  plumf>-line, 
as    at    fli.    Fig.    10. 
Draw  perpendiculars, 
as  c  and  d^  from  the 
comers  of  the  purlin  to 
this  line.   On  the  upper 
edge  of  the  purlin  lay 
off  a  distance  d'  equal  to  d,  and  on  the  lower  edge  lay  off  ^ 
equal  toi;;  from  <; draw  lines  to  the  points  marked,  thus  obtain- 
ing the  lines  for  the  cut.     This  is  for  a  cut  over  a  hip  rafter; 
where  the  cut  is  over  a  valley  rafter,  the  bevel  will  be  the 
same,  but  d'  is  laid  off  on  the  lower,  and  e^  on  the  upper,  edge. 

16.  Gambrel  Roofs. — A  gambrel  root,  sometimes 
called  a  curb  roof,  is  shown  in  Fig.  11;  the  term  ^amir^/ signi- 
fies a  bend,  or  crook,  and  in  this  case  emphasizes  the  break 
in  the  continuity  of  the  roof  plane.  The  ends  of  this  roof 
are  always  of  the  gable  form,  as  shown  at  abcde,  but  the 
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slope  (rom  the  ridge  to  the  eaves  is  brolcen,  the  upper 
part  cde  being  somewhat  flat  and  the  lower  parts  cb  and  ea 
decidedly  steep. 

This  form  of  roof  had  its  origin  in  the  endeavor  to  pro- 
vide more  space  in  the  garret,  or  attic,  of  a  building,  by 
JDcreasing  the  height  near  the  eaves,  where  a  straight  gable 
would  give  no  headroom.  The  prototype  of  the  gambrel 
roof  is  found  in  the  Mansard  roof,  which  was  the  invention 
of  a  French  architect  whose  name  it  bears. 

The  proportions  of  the  eitample  in  Fig.  11  give  the  rise  td 
as  equal  to  one-half  the  span  ba,  which  is  the  common  pro- 
portion of  the   gambrel 
roof. 

In  framing  a  gambrel 
roof,  it  is  always  necessary 
to  have  a  plate,  or  curb, 
iXek,  as  well  as  at  a  i,  the 
rafters  between  these 
points  being  cut  to  foot  on 
at  and  to  carry  the  plate 
atcA.  The  rafters  between 
the  ridge  dg-  and  the  plate 
eh  are  cut  in  the  same 
manner  for  ridge  and  plate 
as  in  an    ordinary    gable  '"■ 

roof,  the  plate  e  h  being  securely  tied  across  the  building  to 
keep  it  from  spreading  under  the  thrust. 

17,  Where  the  wings  of  a  building  are  unequal  in  width, 
the  following  method  may  be  used  in  preserving  uniformity 
of  pitch  and  equality  in  the  height  of  the  ceiling  joists. 

Fig.  12  shows  a  typical  plan,  in  which  the  front  wing  is 
28  feet  wide  and  the  side  wings  are  18  feet  wide.  Fig.  13 
shows  the  method  of  proportioning  the  gables  according  to 
Belidor's  rule.  The  line  a  /  is  made  equal  to  the  width  of  the 
front,  plus  18  inches  for  each  eaves  projection,  making  31  feet. 
On  the  center^,  with  a  radius  equal  to  one-half  of  this  measure- 
"lent,  describe  a  semicircle  akf\  divide  this  semicircle  into 
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the  curb  line  oi  the  main  roof  at  p,  and  pr\%  drawn  parallel 
with  the  upper  slope  of  the  main  roof,  the  outline  kprql  will 
be  suitable  for  the  roofs  over  the  wings,  and  the  ceilings 
vili  be  the  same  height  as  in  the  main  part  of  the  house. 
Both  roofs  will  have  the  same  pitch,  and  their  intersection 
on  the  plan  will  be  at  an  angle  of  45°  with  the  sides  of  the 
house,  as  at  a  b. 
Fig.  12.  The  dotted 
lines  in  Fig.  12  denote 
the  roof  plan. 

The  cornice  at  the 
eaves  of  the  roof  is 
shown  simple  in  char* 
acter,  and  consists  of 
a  plain  crown  molding 
and  fascia,  as  shown 
at  a.  Fig.  14,  which 
give  the  construction 
and  finish  of  the  roof 
shown  in  Fig.  15. 
The  eaves  should  be 
given  a  liberal  pro- 
jection, and  the  angle 
between  the  soflfit  and 
the  frieze  should  be 
finished  with  a  bed 
molding,  as  at  ^.  The  *l 
coin  ice  is  continued 
up  the  slope  of  the 
gables,  while  the 
fascia  and  fillet  of  the  ''"'  " 

corona,  or  lower  members  of  the  cornice,  are  carried  across 
the  front  horizontally,  as  shown  in  Fig.  15. 

The  method  of  shingling  the  roof  at  the  curb  is  shown 
at  f.  Fig.  14,  where  the  shingles  of  the  upper  slope  extend 
beyond  those  of  the  lower  slope  and  the  angle  is  closed 
b;  a  simple  molding.  The  shingles  of  the  upper  slope 
are   laid  with  a  slight  projection  beyond  the  edge  of  the 
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.  17  is  shown  a  plan  (a)  and  a  section  (i) 
ver  slope  of  a  Mansard  roof,  while  at  (c)  is 
tion  of  the  angle  rib  at  ae  or  df.  Fig.  16,  In 
^'x  is  a  corner,  or  angle,  of  the  building  at 
tion  of  the  sloping  sides  of  the  roof,  and  is 
the  section  (6)  by  i.  The  line  siy  in  the 
plan  is  the  upper  edge  of  the 
sloping  side  and  is  designated 
in  the  section  by  r.  If  now, 
in  the  section,  any  number  of 
points,  such  as  c,  rf,  r,  are  pro- 
jected up  from  the  curved 
side,  and  their  intersections 
with  the  line  k"£-  are  marked 
at  y,  (,  h,  arid  from  these  points 
and  at  right  angles  to  k"g- 
the  lines  y/',  im'.  An' are  laid 
oS  equal  to  ci,  dm,  and  rn 
in  the  section,  points  /',  m',  n' 
in  the  curve  of  the  angle  rib 
will  be  obtained,  and  these 
points,  if  connected  by  a 
curved  line,  will  give  the 
profile  sought. 

The  distance  k"  k'  on  the 
angle  rib  (c)  is  the  height  of 
the  point  k  in  the  section 
^^..^rJ'  A*f  above  the  bottom  of  the  main 
_____?/        \\    slope  at  a. 

]      20.     Conical  Roofs.— In 

"  Fig.  18  is  a  framing  plan  (a) 

levation  (6)  of  a  conical  roof,  the  height  of 
d  the  pitch  da.  The  rafters  a 6  are  notched 
in  the  same  manner  as  though  the  roof  were 
but  the  mitering  of  the  upper  ends  is  some- 

and  can  be  best  understood  by  referring  to 


ioy  Google 


S32  CARPENTRY  16 

The  first  pair  of  rafters  m,  m  have  a  plumb-cut  exactly  the 
same  as  a  gable  rafter  and  are  butted  squarely  together  at  r, 
while  the  second  pair  y  are  similarly  cut  and  butted  and 
spiked  at  their  upper  ends  against  the  first  pair.  The  rafters  z 
are  then  cut  the  same  as  y,  but  with  the  addition  of  a  cheek 
cut  at  an  angle  of  45°  on  both  sides  of  the  upper  end;  and 
the  rafters  x  are  made  similar  to  z,  except  the  cheek  cuts  are 
each  22i°,  instead  of  45°. 

In  the  elevation  b,  the  rafters  are  shown  overhanging  the 
plate  from  a  to  «  in  order  to  form  the  eaves,  and  the  length 
eb  will  be  the  length  of  the  two  rafters  shown  )n  the  plan 
at  m.  Prom  ^c  is  then  measured  oS,  at  right  angles,  the 
half  thickness  of  the  rafter  m,  and  through  the  point  thus 
located,  a  perpendicular  line  is  drawn,  cutting  the  rafter  at 
ft  I;  el  win  then  be  the  length  of  the  rafters  shown  in  the 
plan  at  y.  The  point  i,  where  the  edge  of  the  rafter  z  inter- 
sects the  edge  of  the  rafter  y,  if  projected  down  to  the  ele- 
vation {b)  will  cut  the  elevation  of  the  rafter  aioj,  anAje 
will  then  be  the  length  to  the  cheek  cut  of  the  rafters  shown 
in  the  plan  at  z.  The  length  of  the  rafters  x  to  the  cheek 
cut  is  then  lound  by  projecting  the  points  of  intersection  of 
adjacent  sides  of  x  and  y  to  the  top  of  the  rafter  in  eleva- 
tion, cutting  the  rafter  at  ^  ^;  ^  «  will  then  be  the  length  of  the 
rafters  to  the  cheek  cut,  as  shown  in  the  plan  at  k.  The  angle 
ekp  will  be  the  plumb-cut  for  all  the  rafters  in  the  roof.  See 
Arts.  62  and  63. 

21.  The  wall  plate,  shown  in  the  elevation  at  s.  Pig.  18, 
is  cut  out  of  two  thicknesses  of  2-inch  plank,  each  piece 
being  long  enough  to  receive  the  feet  of  four  rafters.  When 
the  plate  is  built  in  position,  it  is  laid  up  in  two  thicknesses, 
no  two  joints  of  which  are  to  be  in  line  perpendicularly,  and 
the  joints  on  the  under  side  should  be  well  supported  by  studs. 

The  under  aide  of  the  rafters,  where  they  project  beyond 
the  plate,  is  sometimes  lined,  or  sheathed,  with  a  board  /» 
called  the  plancher,  or  soffit,  and  the  ends  of  the  rafters  at 
eu  are  then  faced  with  a  board  called  the  fascia.  The  proper 
cnrvatttre  of  the  edges  of  the  plancher  df  is  found  by  drawing 
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y  rest  on  the  surface  of  the  root  vp,  are  found 
illowing  manner:  With  >-  as  a  center  and  a 
,  draw  the  arc  ^^^,  on  which  space  off  the  feet  of 
i,  as  at  a",  x",  x",  etc.,  and  to  these  points  draw 
s  from  y.  Make  yj  equal  to  yw  the  length  of  the 
after,  and  draw  je  and  fd\  then,  the  angle  that  je 
es  with  the  foot  of  each  rafter  will  be  the  cheek  cut 
ter  on  the  roof,  and  a  line  gv  drawn  from  the  foot 
after  yg  will  give  the  angle  ygv,  which  is  the 
le  foot-cut  of  each  rafter  as  it  rests  on  the  roof  vp. 
i  of  intersection  between  the  two  roofs,  as  shown 
ration  at  vw,  is  seen  in  the  plan  (a)  at  oVf',  and 
in  inclination,  does  not  exhibit  the  exact  curvature 
Id  appear  if  seen  in  a  horizontal  position.  The 
the  line  of  the  true  curve  may  be  found  in  the 
tnanner:  With  v  as  a  center  and  with  radii  vs, 
lie  arcs  sr,  st,  so,  etc.,  and  where  these  arcs  inter- 
ine  d6  erect  the  perpendiculars  rr',  i^,  ocf,  etc. 
points  /  in  the  plan  draw  the  horizontal  lines  ^  r*, 
itc,  and  where  these  intersect  the  perpendiculars 
■ibed  will  be  the  points  in  the  curve  required, 
7hich  points  the   true   curve  a' r' t' (/ J  ef  may  be 

rantage  of  finding  this  curve  is  that  from  it  a  paper 
lay  be  made  with  the  points  a'r't'a>,  etc.  located 
ith  this  templet,  the  curve  may  be  marked  out  on 
i  of  the  roof  vpy  and  the  rafters  of  the  conical  roof 
the  points  r'  t'  <^,  etc.  with  great  exactness. 
:he  tower  roof  dyb  is  of  large  size  and  is  liable-to 
siderable  weight  on  the  main  roof  vp,  short  pieces 
should  be  framed  in  between  each  of  a  pair  of 
ere  one  of  the  tower  rafters  is  to  set  its  foot.  On 
ers,  the  boarding  of  the  roof  is  usually  of  sufficient 
a  itself  and  requires  no  timbers  inserted  beneath  it. 

exagonal'  Roofe. — A  hexagonal  roof  and  the 

framing  it  is  shown  in  plan  in  Fig.  21,  where  the 
ifters  radiate  from  the  center  o  to  the  corners  of 
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in  length  to  the  height  of  the  roof  cd;  dtvii 
any  number  of  parts,  by  making  points  a 
these  points  erect  perpendicular  lines  vs 
Where  these  lines  intersect  /tats,  draw  the 
angles  to  / 1,  making  sx  in  each  case  equal  t 
ing  lines  rv  in  tbe  elevation  (d).  Tbrou 
draw  the  curve  xxx,  which  will  be  the  pr< 
rib  required. 

The  length  of  the  jack-raftera  o&  is  foi 
perpendiculars  oi  and  tj  from  each  side  oi 
parallel  with  cd  and 
intersecting  dg-  at  k 
and  /.  Then,  Jg  will 
be  the  eitreme  length 
and  proper  curve  of 
the  jack-rafters,  white 
their  plumb-cut  will 
be  on  the  line  je. 
The  cheek  cut  of 
these  jack-rafters  is 
found  by  drawing  a 
line  from  yon  the  out- 
side of  the  rafter  to  * 
on  the  inside,  which 
is  shown  in  the  plan 
(a)  by  the  line  to. 
The  hip  rafters  It, 
m  I,  etc.  must  have 
their  upper  edges 
beveled  on  each  side  ifr/' 
of  the  center  line,  as 
shown  in  the  plan  at  '"»-  » 

m  n.  This  is  done  in  order  that  the  boan 
may  have  an  even  bearing  on  the  angle  rib 
the  boarding  must  meet  accurately  on  the  i 
rib  ml.  The  amount  of  bevel  required  on 
found  by  drawing  a  line  parallel  with  the  u 
a  distance  m  n  below  this  edge  by  means  of 
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letweeD  this  line  and  the  center  of  the  top  of  the 
en  cut  away. 

otlllng  Hip  and  Jack-Batters  tor  a  CoitI- 

at. — In  Fig.  23  tbe  arrangemeDt  of  the  rafters  is 
Ian,  eg-  heias  a  hip  rafter  and  Ai  a  jack-rafter.  In 
1  elevation  y^' is  the  span  and  t>f' the  rise.  To  find 
t  the  hip  rafter  eg,  make  e"£"  equal  in  length  to  eg^, 
e"  k",  k"  A",  etc.,  equal  to^A,  ^^,etc.  Erect  per- 
at  e",  k",  h'\  etc.  At  e,  k.  A,  etc.,  drop  perpen- 
ting  the  curve  e'g'  at  *',  A',  etc.  From  *', >f ,  A',  etc. 
oritals  cutting  perpendiculars  from  e",  k",  h",  etc. 
ts  (?"',  if".  A'",  etc.  A  curve  drawn  through  these 
;s  the  required  outline  of  the  hip  rafter.  The 
le  jack-rafter  Al  '\&  the  same  as  the  curve  h'g". 


WTAXUA  OP  ROOr  CONBTBCCTION 
mice  and  Gutter. — In  building  the  roof  of  a 
-afters  are  nearly  always  carried  beyond  the  front 
;  from  10  to  24  inches,  or  more,  in  order  that  the 
he  eaves  may  fall  clear  of  the  wall  of  the  bouse, 
ws  the  method  of  cutting  the  rafters  where  they 
and  also  a  method  of  finishing  and  enclosing  the 
of  forming  a  standing  gutter. 
abefdc  is  notched  over  the  plate  g  at  cd  and 
yond  the  plate  at  dl.  The  portion  of  the  rafter 
cut  away  to  lighten  the  appearance  of  the  eaves, 
e-beam,  which  is  spiked  to  the  ends  of  the  rafter 
e  of  the  building,  and  in  this  case  also  forms  tbe 
m  of  the  upper  story  and  rests  on  the  plate  g. 
:op  of  the  tie  the  rafter  is  closely  boarded  with 
ds  *,  the  lower  one  of  which  is  allowed  to  project 
ts  width  beyond  the  end  of  the  rafter  at  ei.  The 
rafter  is  cut  on  the  line  e  f,  which  is  parallel  to 
cut  at  the  ridge,  and  the  soffit,  or  plancher, /'  on 
of  the  rafters  has  its  outer  edge  beveled  to  the 
,  as  has  also  the  top  of  the  fascia  /,  which  finishes 
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the  ends  of  the  rafters.  A  crown  molding  m  is 
in  place  by  nailing  it  to  both  the  projecting  rod 
Ihe  front  of  the  fascia  /.  This  gives  a  finish  to  t 
eaves,  and  the  under  side  is  completed  by  the 
the  molding  o  between  the  soffit  /  and  the  f 
casing,  ».  This  finish  is  usually  called  a  box  a 
it  is  formed  by  a  boxing,  or  casing,  of  woo 
roofing   boards,  and  outside    the   line  of  the 


building,  a  bedplate  p  is  nailed  securely  to  ef 
form  the  gutter,  as  will  be  explained  further  on 
Four  other  forms  of  box  gutters  are  shown  ir 
28,  and  29;  the  gutters  shown  in  Figs.  26,  27,  a 
frame  buildings  and  that  in  Fig.  29  for  a  br 
Fif.  28  shows  a  gutter  formed  of  sheet  m 
well  np  under  the  shjngles  and  over  the  crowi 
the  cornice  itself.  This  gutter  stands  entirel; 
the  surface  of  the  roof  and  is  braced  every  3  f 
straps,  as  shown. 
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ifs  are  variously  covered  with 
5,  slate,  tin,  lead,  zinc,  corru- 
gated iron,  copper,  or 
tiles.  A  flat  roo 
should  always  bi 
covered  with  tin 
copper,  or  othei 
material  that  is  prac- 
tically one  piece,  as 
water  will  run  back 
between  the  joints  oi 
shingles,  slates,  or 
tiles,  and  thereby  gel 
into  the  interior 
the  building:.  A 
pitched  roof  may  be 
covered  with  any  of 
shingles,   slate,   or  tiles   are 


are  laid  on  the  roof  of  the 
irds,  as  shown  at  k.  Pig.  25, 


;  over  the  eaves.    Under  no 
:ed  under  shingles. 


ioy  Google 


,1,1.1,  Google 


CARPENTRY  §32 

shown  at  v,  are  usually  li  in.  X  2  in.  or 
]  are  laid  at  right  angles  to  the  rafters  and 
s  on  centers,  according  to  the  exposure  of 
le  weather.  The  amount  of  this  exposure 
he  length  of  shingles  that  can  be  used  with 
omy  of  material  consistent  with  first-class 

in  length;  and  can  usually  be  obtained  in 
16,  18,  and  24  inches  in  length,  and  from 

1  width.  The  size  to  be  used  In  each 
■bout  3  inches  longer  than  three  times  the 
>  the  weather. 

e  of  shingles  is  placed  at  the  eaves,  being 
broken  joints,  as  at  u.  Pig.  25,  in  order  that 
way  through  the  joints  of  the  upper  layer 
percolate  through  the  lower  layer  and  rot 
:s,  fascia,  etc. 

:ourse  is  laid,  each  shingle  is  nailed  with  two 
;hes  above  the  upper  line  of  its  exposure; 
exposure  is  then  measured  back  from  the 
Ige  of  the  shingles,  and  a  hne  is  struck  by 
ed  cord,  to  which  line  the  butts  of  the  next 
is  at  w.  This  protects  the  nails  driven  into 
gles  by  the  2-inch  lap  shown  at  s  w,  and  the 
id  course  also  pass  through  the  upper  ends 
;,  as  at  y. 

2  shingling  is  completed  up  to  the  gutter 
n  this  case,  requires  but  two  courses — the 
I  g  with  its  lower  edge  beveled  to  fit  the  top 

set  in  place.  A  plinth  e',  a  cap  members', 
may  now  be  nailed  in  place. 
itter  with  copper  or  tin,  a  strip  of  hoop  iron 
along  the  edge  of  the  cap  ^,  allowing  tht 
iroject  below  the  cap.  To  this  edge  the 
lay  be  clasped,  from  which  point  it  extends 
■  the  gutter  to  b'  and  up  as  far  as  a'.  It  is 
:  metallic  hning  extend  5  or  6  inches  imder 
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the  shingles.  When  the  first  course  of  shingles  at)ove  the 
{Qtter  is  laid,  the  course  is  doubled  for  the  same  reason  that 
it  is  at  the  eaves.  As  these  shingles  are  the  lowest  on  the 
roof,  they  get  the  most  water  and  are  therefore  more  liable 
to  rot.  To  prevent  this,  a  tilting  strip  is  placed  as  shown 
at  r.  This  fillet  raises  the  shingles  o£E  the  roof  and  allows 
the  air  to  circulate  better  under  them,  thus  facilitating  the 
drying  out  after  a  rainstorm.  The  remainder  of  the  roof 
from  here  up  to  the  ridge  is  shingled,  one  course  at  a  time, 
as  already  explained. 

31.  Gutter  Ifinlng  and  Leader  Pipes. — The  lining 
of  a  gutter  should  be  of  the  best  quality  of  material,  with 
all  the  joints  properly  folded,  if  of  tin,  and  well  soldered. 
The  lining  should  also  be  painted  on  both  sides  and  well 
fitted  to  the  gutter.  The  gutter  plate  p,  Fig.  25,  is  made  of 
a  varying  width  so  that  the  gutter  has  a  gradual  pitch 
toward  the  leader,  or  outflow,  pipe,  which  is  located  at  the 
lower  end.  This  leader  is  usually  made  of  tin,  corrugated 
salvanized-iron,  or  copper  pipe  from  2  to  6  inches  in  diam- 
eter, according  to  the  size  of  roof  from  which  it  must  carry 
the  water.  Where  the  area  of  a  roof  is  very  great,  more 
than  one  leader  may  be  necessary  to  carry  off  the  accumula- 
tion of  water  during  a  heavy  rain.  A  liberal  allowance  is  to 
provide  I  square  inch  of  leader  section  for  each  75  square 
feet  of  roof  area;  but  never  to  use  a  leader  less  than  2  inches 
in  diameter.  Even  that  size  is  liable  to  become  choked  and 
clogged  with  dirt  or  leaves  in  a  wooded  section  of  country, 
and  should  be  used  only  for  veranda,  porch,  bay-window, 
and  other  small  roofs. 

The  leader  is  inserted  through  the  bottom  of  the  gutter 
and  its  metallic  lining,  and  must  be  well  soldered  to  the 
latter,  while  its  throaty  or  inlet,  should  be  countersunk,  and 
protected  with  an  open  iron  grating  or  wire  screen,  to 
prevent  foreign  substances  from  entering  with  the  water. 

32,  Plashing. — Flashing  is  a  term  given  to  all  sheet- 
metal  work  used  in  connection  with  roof  covering  to  insure 
a  water-tight  condition  at  joints  and  angles.     Flashings  are 


itizecoy  Google 


CARPENTRY  §32 

bips,  valleys,  ridees,  and  eaves,  around  scuttles, 
ibles,  flanks  of  dormer-windows,  etc. 

lip  roofs,  where  angle  rolls  are  not  used,  pieces 

ire  laid  on  the  hip  over  each  course  of  shingles 

lie  same  manner  that  a  shingle  or  a  slate  itself 

a,  if  it  could  be  bent  to  fit  around  a  comer  as 

Fig.  30.     For,  while  the  joints  between-  the  vafi- 

f  roof  covering  may  be  broken,  or  alternated,  as 

lain  flat  slopes,  the  hips  must  have  a  continuous 

row  of  joints  from  the  eaves 

to  the  ridge,  as  at  c,  and 

the  insertion   of   flashings 

under  the  shingles  at  these 

points   prevents  the   water 

that  would   work    its  way 

beneath  the  covering  from 

getting  into   the  interior, 

and  carries  this  water  to  the 

flat  slopes,  where  it  may  run 

off  harmlessly. 

34.    In  valleys,  the  means 

adopted  are  different,  as  the 

conditions  are  in   some 

respects  reversed.     On  the 

hip  of  the  rdof  there  is  no 

accumulation  of  water  at 

any  time,   and   what   little 

^^-  *  may  fall  there  is  immediately 

)y  the  pitch;  but  in  the  valley  there  is  a  depres- 

1  two  slopes,  and  all  the  water  falling  on  each  of 

ediately  carried  to  the  valley, 

',  therefore,  acts  in  the  capacity  of  a  gutter,  and 

:cordingly.     The  tin  is  joined,  generally  at  the 

3  a  continuous  gutter  in  the  depression,  and  its 

med  up  about  6  inches  under  the  shingles.     The 

not  carried  down   to  the   intersection  of   the 

i  stopped  about  6  inches  from  the  valley'  rafter. 
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and  the  gutter  ts  thereby  left  open.  The  flashing  of  all  sucb 
sitnations  will  be  treated  in  detail  in  Sheet-Metal  Work. 

35.     Along  the  ridge,  the  roof  is  rendered  water-tight  b; 
a  number  of  methods,  two  of  which  are  illustrated  in  Figs. 
31  and  32.     In  Fig.  31  is  shown  a  method  used  on  a  shingle 
roof  that  requires  no  flashing,  while, in  Fig.  32  a  metal  flash- 
*ing  is  used  on  a  slate  or  flat-tile  roof.    In  Fig.  31,  the  ridge 
plate  a  is  carried 
above  the  line  of  the 
shingle  lath  b  and  the 
top  of  the  shingles  d, 
and  its  top  is  beveled 
oS  to  conform  with 
the  general  pitch  of 
the  roof.     After  the 

shingling  is  com-  . 

plete,  the  top  of  the  K 

ridge  is  finished  ^^    —  —  Y 

to  form  a  continuation  ▼  /  Pio.  !i 

of  the  top  surface  of 
the  last  course  of 
shingles,  and  the 
ridge  boards  c  are 
nailed  to  it  and  to 
each  other  in  the 
position  shown. 

Before   the  ridge  > 

boards  are  nailed  in  ^ 

place,  there  should  be 
a  layer  of   two-ply 

roofing   felt  folded  Vm.n 

over  the  ridge,  on  top  of  which  the  ridge  boards  may  be 
firmly  nailed;  this  will  assist  in  making  a  thoroughly  water- 
tight job.  These  ridge  boards  are  usually  from  1  inch  to 
W  inches  in  thickness,  and  from  5i  to  9  inches  in  width, 
according  to  the  amount  the  shingles  are  exposed  to  the 
weather. 
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dge  roll  e  is  formed  from  a  single  piece  of  wood,  is 
Lo  3  inches  in  diameter,  and  is  rebated,  or  rabbeted, 
}  fit  the  angle  at  the  top  of  the  ridge  boards.     This 

groove,  or  rabbet,  should  be  deep  enough  to  permit 

of  the  roll  k  to  lap  well  over  the  joint  between  the 
B  boards  c. 

.  32,  the  slating  of  the  roof  m  is  carried  up  to  the 
end  of  the  ridge  plate  k,  butting  against  it  as  the 
do  in  Fig.  31,  and  the  wooden  ridge  roll  /  is  rabbeted 
joints  formed  at  the  ridge.  This  roll  is  held  in  place 
spikes  p  driven  through  its  top  into  the  upper  edge 
dge  plate,  and  over  it  is  sprung  the  galvanized-iron 

M,  which  has  been  previously  shaped  to  fit  the  roll 
1  the  under  edge  of  the  last  course  of  slates,  as  at  o. 
>,  like  hips,  are  very  slightly  subject  to  leakage,  and, 
water  falls  on  them  and  practically  none  remains 
IS  fallen,  the  same  precautions  are  not  required  with 

at  these  points  as  would  be  necessary  elsewhere. 

fVround  skylights  and  dormer-windows,  where  the 
on  the  slope  of  the  roof,  flashing  is  applied  so  that 

s  under  the  roof  covering,  adjacent  to  the  sill  and 

and  over  the  sill  itself  in  such  a  manner  as  will  pre- 
possibility  of  water  entering  between  the  sill  and 
or  shingles.  The  sides  of  a  dormer,  where  they 
with  the  roof  pitch,  are  flashed  in  the  same  manner 

;  valleys,  except  that  the  shingling  or  other  covering 

:arried  up  close  to  the  finished  sides. 

Precautions  to  be  Observed  inRooflae- — Great 
:t  be  observed  along  the  eaves  of  a  roof,  especially 
lat  roof  is  over  a  well-heated  room,  as  the  interior 
ing  the  winter  will  cause  the  snow  on  the  roof  to 

run  to  the  eaves,  where,  relieved  from  the  effects 
Eh  temperature,  it  freezes  and  builds  up  a  daip  of  ice, 
iccumulatedwater  backs  under  the  shingles  and  gets 

house.  Under  these  conditions,  it  is  sometimes 
:  to  build  the  gutter  above  the  line  of  the  plate,  in 
It  the  same  heat  that  melts  the  snow  may  sufficiently 
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warm  the  gutter  to  prevent  it  from  freezing  up  when  its 
Bcrvices  are  most  needed. 

Unless  the  pitch  of  a  roof  is  at  least  45°  above  the  hori- 
Eontal,  there  is  much  danger  of  leakage  during  windy  weather, 
as  a  high  wind  will  drive  the  water  under  the  shingles  and 
through  the  first  crevice  that  presents  itself — hence  the  impor- 
tance of  exercising  the  greatest  care  with  all  the  flashings,  and 
of  securing  broken  joints  in  each  course  of  shingles. 

Shingles  with  loose  knots  or  open  knot  holes  within  half 
their  length  of  the  bul^t,  or  shingles  that  are  split,  or  shaky 
and  liable  to  split,  should  be  rejected.  Rejected  shingles 
should  be  broken  or  cut  through  with  a  hatchet,  lest  some 
other  workman,  with  less  precaution,  be  inclined  to  use  them. 
The  slight  apparent  waste  thus  caused  is  nothing  compared 
with  the  expense  and  inconvenience  of  a  leaky  roof. 


DORMER-WINDOWS 

38.  Dormer-^vlndovrs,  a  term  applied  to  windows  pro- 
jecting from  the  roof  of  a  building,  are  framed  out  when  the 
roof  is  constructed.  The  size  and  the  shape  of  the  openings 
left  for  them  between  the  rafters  depend  on  the  Size  and  the 
character  of  their  roofs. 

Where  the  walls  of  a  building  are  carried  about  half  a  story 
above  the  attic  floor  line,  the  upper  portion  of  the  dormer- 
window  will  project  above  the  eave  line  as  shown  in  Fig.  33. 
In  this  manner  very  desirable  rooms  are  obtained  in  the  attic 
by  reason  of  the  extra  wall  height.  The  general  appearance 
of  the  roof  mass  is  also  pleasing  on  account  of  the  broken 
eave  line,  and  the  effect  of  the  lean-to  roof  over  the  dormer 
suggests  that  the  roof  has  just  been  raised  to  accommodate 
the  window.  Such  windows  look  best  in  roofs  of  high  pitch, 
as  the  roof  over  the  dormer  will  still  have  a  reasonable  pitch 
in  itself.  The  eaves  of  the  main  roof  in  this  case  are  shown 
finished  with  metal  hanging  gutters. 

39.  In  Fig.  34  is  shown  a  low,  picturesque  dormer  well 
adapted   for   cottage  work;  this  dormer  is  perched  on  the 
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slope  of  the  main  roof,  the  treatment  of  the  roof  heing 
similar  to  that  in  Fie.  33.  The  sashes  in  this  instance  are 
casemeni-hun£,  which  implies  that  they  are  hinged  on  the 
jambs  and  fold  like  a  door.  They  are  made  to  open  either 
out  or  in,  bitt  are  tighter  when  made  to  open  out.  The  sub- 
division of  the  lights  lozengewise  adds  to  the  quaintness  and 
is  suggestive  of  the  days  of  our  grandfathers. 


40.  Where  a  good  width  is  desired  in  the  interior  of  the 
room  adjacent  to  the  window,  a  portion  of  the  wall  may  be 
continued  beyond  the  window  casing,  as  shown  in  Fig.  35. 
The  eave  line  of  the  dormer,  which,  in  this  example,  would 
he  somewhat  long,  is  broken  by  a  gablet,  or  pediment,  thus 
relieving  the  horizontal  depression  and  giving  the  window 
the  effect  of  greater  height.     It  will  be  seen  that  the  main 
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e  method  is  objectionable  and 
The  pediment  eives  the  dormer 
a  tendeDcy  to  subordinate  the 
'  high.  For  cottage  work,  th« 
sense  of  repose  to  the  roof  and 
le  main  roof,  of  which  it  is  a  part. 


shown  is  Pig.  Sit,  but  is  finished 
pedimeni,  in  that  the  pitches  of 
do  not  come  together  at  the 
le  pediment  is  curved.  Only  a 
nches  in  width  and  directly  over 
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the  curved  cornice,  would  conform  therewitb,  as  the  balance 
of  the  roof  would  be  a  low-pitched  one,  falling  behind  and 
below  the  8-incb  parapet  just  described,  as  indicated  by  the 
dotted  lines.  The -roof  covering,  owing  to  the  flat  pitch, 
would  be  of  metal,  either  tin  or  copper. 

The  effect  of  such  a  treatment  of  a  pediment,  while  grace- 
ful and  pleasing,  and  relieving  the  roof  from  the  severe 
angular  lines  of  the  roof  pitches,  is  condemned  by  many 
designers,  in  that  it  is  constructed  ornament  and  not  oma- 
meated  construction.  The  form  of  the  roof  is  not  struc- 
turally suggestive  of  one  designed  to  shed  water,  but 
rather  to  hold  it,  and  in  this  sense  violates  good  design. 
Others,  however,  prefer  to  violate  this  principle,  on  the 
ground  that  the  good  effect  justifies  it,  and  offset  their 
sin  by  calling  it  "artistic  license." 

It  will  be  observed  that  all  the  foregoing  examples  have 
their  flanks,  or  return  walls,  shingled  or  slated.  The  con- 
struction of  these  walls  is  similar  to  that  of  the  walls  of  a  bal- 
ioon-framed  building.  The  junction  of  the  flank  and  roof 
covering  is  laid  close,  the  angle  being  made  water-tight  by 
concealed  lap  flashings  of  metal,  laced  in  with  each  course  of 
shingles  or  slates  as  tbe  case  may  be. 

44.  A  w&Kon-head  aormer  is  shown  in  Fig.  39.  This 
style  was  much  used  in  colonial  times,  and,  unlike  the  pre- 
vious example,  it  is  structurally  correct  in  design.  Owing, 
however,  to  the  lack  of  an  eaves  line  well  defined  by  a  cornice, 
and  practically  no  frontal  projection  other  than  the  curved 
architrave,  this  dormer  lacks  the  sense  of  cover  and  protec- 
tion, which  is  the  cardinal  principle  in  well-studied  roof 
design.  As  is  obvious,  the  roof  and  flanks  are  covered  with 
metal.  This  covering  may  be  laid  flat  like  an  ordinary  tin 
roof;  or,  the  surface  may  be  divided  by  2"  X  2"  metal- 
covered  ribs,  set  about  14  inches  on  centers,  or  by  standing 
seams,  which  will  take  away  the  flat  and  uninteresting 
appearance  of  the  continuous  roof  and  flank,  as  indicated 
in  the  figure.  Where  judgment  is  used  in  placing  this  style 
of  dormer  in  buildings  whose  keynote  is  structural  simplicity, 
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le  example  shown  in  Fig.  40  is  9  feet  in  length  from  g 
\  the  line  gh  is  the  top  line  of  the  main  rafters,  as 
■n  atj',  while  the  line  ir  is  the  top  line  of  the  roof 
thing,  as  shown  at  /.  The  height  jp  is  2  feet,  and  the 
\.  of  the  front  elevation  of  the  roof  spr  is  formed  with 
I  arcs  of  circles,  the  centers  t,i,  and  k  of  which  are  located 
le  following  manner:  Prolong  the  center  line  pj,  and 
some  point  A  as  a  center,  describe  the  arc  up  v  with  such 
lius  that  the  points  u  and  v,  where  this  arc  intersects  the 
pr  ax\<d.ps,  will  fall  below  ^  less  than  half  the  distance 
Then,  from  k,  the  center  of  the  arc  just  mentioned,  draw 
ines  k  i  through  the  points  u  and  v,  and  the  points  /,  / 
e  these  lines  intersect  rt  andf /,  drawn  perpendicular  to 
'ill  be  the  centers  for  the  arcs  u  r  and  v  s,  which  complete 
ompound  curve  of  the  top  of  the  window.  All  the  curved 
:  of  the  elevation  are  described  from  these  centers,  the 
above  the  lines  ki  bein^  described  from  £  as  a  center, 
those  falling  below  the  lines  Jki  being  turned  on  t,  t  as 
;rs.  The  ribs,  or  rafters,  a,  by  c,  d,  and  e  are  now 
:d  off  to  stand  about  9  inches  on  centers,  and,  as  will  be 
rved,  the  top  and  bottom  edges  will  be  beveled  to  con- 
more  closely  to  the  curved  outline  of  the  roof,  except 
niddle  rib  a,  which  is,  practically,  rectangular  in  section, 
the  section  through  the  center  of  the  window  shown  in 
a',  V,  (',  d',  and  /  are  the  ends  of  the  ribs,  shown  at 
r,  rf,  and  e  in  the  front  elevation  (a),  and  the  lines  f  a'. 
etc.  are  the  tops  of  these  ribs  and  the  profiles  of  their 
itures.  The  rafter  I'm'  shows  the  pitch  of  the  main 
and  the  roof  of  the  eyebrow  window  curves  upwards 
rd  this  rafter  and  becomes  tangent  at  /'.  All  the  ribs 
V  V,  tf  I',  etc.  become  tangent  at  /',  and  the  bevels  of 
top  and  bottom  sides,  shown  in  the  front  elevation  (o), 
iially  diminish  as  they  recede,  until  they  are  all  rect-  . 
lar  in  section.  The  curvature  of  the  ribs,  as  shown  by 
lotted  lines  /V,  I'  d',  etc.,  is  determined  by  striking  the 
:  of  the  uppermost  rib  with  the  arc  of  a  circle,  the  radius 
hich  must  be  perpendicular  to  the  rafter  V  nt'  at  /',  and 
listances  g' rf,  g' d',  g'c'.  etc.  are  laid  off  to  correspond 
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with  oe,  nd,  mc,  etc.  in  the  front  elevation.  From  each  of 
the  points  ^,  d',  if,  etc.  is  then  drawn  the  top  line  of  the  rib 
to  /',  varying  the  curvature  in  each  successive  rib  to  such  a 
degree  as  will  keep  them  the  same  relative  distances  below 
one  another  as  at  their  starting  points  a',  V,  d,  etc.  The 
ribs  are  sawed  out  of  2-inch  plank  on  lines  developed  as  just 
described,  and  the  shingle  laths  are  bent  over  the  curve  and 
continued  on  the  main  roof  without  interruption,  as  the 
curved  outline  of  the  window  removes  all  necessity  of 
valleys,  and,  consequently,  of  flashing. 

^yhen  the  roof  is  shingled,  the  lines  of  the  shingle  butts 
are  carried  along  over  the  eyebrow  window,  so  that,  in 
reality,  it  forms  simply  a  protuberance  of  the  main  roof. 

46.  Windows  of  the  same  general  character  as  the  eye- 
brow window  are  sometimes  constructed  with  a  flat,  square 
roof,  curving  upwards  slightly  as  it  recedes  toward  the  main 
roof,  so  that  its  section  is  similar  in  shape  to  Fig.  40  {b). 
The  ribs  forming  the  roof  construction,  however,  are  all 
alike  and  rest  on  a  straight  plate  in  front,  while  the  sides 
are  shingled,  or  sheathed,  in  the  same  manner  as  a  dormer- 
window.  

BALLOON-FRAME  CONSTRUCTION 

47.  Balloon  framlnf?,  as  heretofore  explained,  is  the 
term  given  to  that  system  of  construction  in  which  the  skel- 
eton, or  framework,  of  a  building  is  spiked  together  with 
hutt  joints,  and  depends  almost  entirely  for  its  strength  and 
stability  on  its  exterior  covering  and  the  manner  in  which 
this  covering  is  applied. 

The  construction  of  a  balloon-frame  building  will  now  be 
taken  up.  Such  methods  and  means  as  have  already  been 
set  forth  will  be  applied,  and  such  new  or  additional  features 
as  the  necessity  or  the  economy  of  the  construction  demands 
will  be  considered  as  they  appear. 

48.  In  Fig.  41,  ^  is  a  stone  foundation  wall,  I  ft.  6  in. 
in  thickness.  On  top  of  the  foundation  wall  is  spread  a  bed 
of  lime  mortar  at  c,  in  which  the  sill  B  is  laid  and  well 
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leated  blows  from  a  heavjr  hammer. 
lUtside  edge  of  the  sill,  which  is  kept 
:e  of  the  wall,  is  pointed  up;  that  is, 
11  and  the  top  of  the  wall  is  carefully 
i  neat,  even  finish,  and  any  surplus 
I  the  3-inch  projection  of  wall.  The 
;d  at  the  corners  as  shown  at  a  and  t, 
;omposing  it  cannot  be  obtained  in 
sill  is  pieced  out  by  means  of  the 
1  at  d.  In  exposed  situations  where 
t,  it  is  not  uncommon  to  anchor  the 
ls  of  anchor  bolts.  These  bolts  are 
!s  in  diameter,  and  are  firmly  built 
the  wall  with  the  thread  end  project- 
i  then  bored  into  the  sill  to  fit  over 
:nd,  after  the  sill  is  laid  and  leveled, 
lace  by  screwing  nuts  tight  on  the 
nrasher  between  each  nut  and  the  sill. 

is  set  in  its  place,  leveled,  and  its 
)  be  absolutely  true,  the  first  tier  of 

These  floorbeams  are  notched  over 
ops  to  a  level  line;  or,  where  great 
to  be  desired,  the  beams  are  notched 
ig  their  under  sides  about  fiush  with 
where  they  are  bedded  in  the  same 
foundation  that  the  sill  itself  is,  or 
up  on  top  of  the  wall  with  pieces  of 

where  they  are  so  deeply  notched 
we  a  solid  bearing  on  the  wall,  as 

great  that  the  beams  must  have  an 
brick  wall,  or  a  girder  supported  on 
s  carried  through  the  center  of  the 
better  for  the  purpose  than  a  girder, 
!  same  height  as  the  foundation  walls 
en  sill  of  the  same  thickness  as  the 
le  the  same  amount  of  shrinkable 
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material  in  all  the  sapports  of  the  first-story  beams  and 
partitions.  Where  a  girder  is  used,  however,  precautions 
must  be  taken  to  equalize,  as  nearly  as  possible,  the  effect 
of  its  shrinkag^e  with  that  of  the  main  sill.  This  is  done  by 
DOtching;  the  girder,  as  shown,  and  by  notching  the  beams 
in  the  same  manner  as  at  the  sill,  so  that  the  solid  portion 
of  the  girder  below  the  notches  is  equal  in  thickness  to  the 
depth  of  the  main  sill  of  the  house. 

Great  care  is  required  in  cuttine  these  joints,  so  as  to 
insure  a  good  seat,  not  only  for  the  beam  on  the  bottom  of 
the  notch,  but  also  for  the  projecting  tenon  of  the  beam  on 
the  Cop  of  the  girder;  too  much  weight  on  the  notch  would 
tend  to  split  the  girder,  while  too  great  a  strain  on  the  tenon 
would  tend  to  split  the  beam.  It  is  for  this  reason  that  in 
strictly  first-class  work  the  beams  are  simply  sized  over  the 
main  sill,  and  their  inner  ends  are  similarly  "sieed  over  an 
interior  sill  supported  on  a  brick  or  stone  wall. 

Whether  they  meet  on  a  girder  or  wall,  the  'ends  of  the 
beams  should  be  butted  together  and  held  by  cleats  nailed 
on  each  side;  they  should  never  be  lapped  one  beam  on  the 
side  of  the  other  and  spiked  together,  as  this  produces  irregu- 
larity in  the  beam  spacing,  and  makes  the  subsequent  laying 
of  hot-air  pipes,  etc.  very  troublesome.  The  floorbeams 
having  been  spaced  and  securely  nailed  along  sill  and  girder 
at  the  uniform  distance  of  12  or  16  inches  on  centers,  are 
then  cross-bridged,  as  shown  at  /. 

50.  While  this  bridging  is  in  progress,  or  even  before  it 
is  commenced,  the  side  walls  of  the  building  are  started  by 
setting  the  corner  posts  a  a'  and  ^  ^  in  position.  After  these 
posts  have  been  carefully  plumbed  with  a  level  and  straight- 
edge, as  stiown  at  D,  or  preferably  by  a  long  plumb-rule  and 
piumb-bob,  they  are  braced  in  position  by  two  pieces  of  sheath- 
ing nailed  securely  to  the  posts  and  to  the  sill,  as  shown  at^. 

The  corner  posts  are  generally  composed  of  two  pieces 
spiked  together,  as  shown  at  bl/.  Fig.  41,  and  the  larger 
piece  is  sometimes,  though  not  always,  mortised  or  doweled 
into  the  sill. 
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51.  After  the  coroer  posts  are  secured,  the  stads  are 
spaced  along  the  sill  16  inches  on  centers  and  are  spiked  both 
to  the  sill  and  to  the  floorbeams.  These  studs  are  thea 
plumbed  and  carefully  alined  along  the  outside  edge  of  the 
sill,  and  secured  in  place  with  braces  similar  to  those  of 
the  corner  post,  those  on  the  exterior  being  permanent  in 
the  form  of  sheathing,  while  the  brace  eztendiag  from  the  side 
of  the  stud  to  the  floorbeam  is  but  a  temporary  afiair,  to  be 
removed  as  soon  as  the  interior  partitions  and  the  second- 
story  beams  are  in  place. 

These  studs  and  comer  posts  are  all  cut  to  an  even  length 
on  the  ground  before  they  are  set  in  place,  and  at  the  same 
time  the  notches  for  the  ledger  boards  k  are  cut  in  the  studs 
4  inches  wide  and  1  inch  deep.  As  soon  as  the  studs  are  set 
in  place,  the  ledger  board  itself  is  fitted  and  spiked  to  each 
stud  with  two  nails. 

On  this  ledger  board  the  floorbeams  n  of  the  second  story 
are  laid,  each  beam  being  slightly  notched  on  its  under  side, 
£  n  order  to  bring  the  tops  of  the  beams  to  an  even 

a  t.     The  second-story  beams  are  not  nailed  to  the 

1  oard,  but  are  securely  spiked  to  each  stud,  on  the 

same  side  of  the  stud  as  the  beams  in  the  tier  below. 

52.  The  beam  shown  at  /  is  double  the  thickness  of 
those  at  n,  as  it  is  a  trimmer  beam  and  carries  the  header  / 
and  the  weight  from  the  tail-beams  m.  This  header  and 
trimmer  form  one  end  of  the  stair  well,  or  opening,  and  if 
there  is  to  be  a  similar  opening  in  the  third,  or  ajtic,  floor, 
great  care  must  be  taken  to  place  the  attic-floor  header 
perfectly  parallel  with  and  plumb  over  this  one,  as  trouble 
will   arise  when    the   stairs   are   built  unless  such  care   is 

^observed. 

53.  As  soon  as  the  second-story  beams  are  laid,  the  tier 
above  may  be  started,  but  if  this  third  tier  is  simply  to  con- 
sist of  ceiling  beams,  and  the  attic  story  is  not  to  be  finished 
off  in  rooms  like  the  rest  of  the  house,  the  wall  plate  o  should 
be  laid  first.  This  plate  is  usually  composed  of  two  pieces 
of  studding  nailed  together  and  so  lapped  that  the  joints  of 
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any  two  lengths  are  as  far  apart  as  possible,  and  is  laid  along; 
the  top  of  the  wall  and  securely  nailed  to  each  stud.  The 
attic  beams  are  then  notched  over  the  plate  in  the  same 
manner  that  the  first  tier  of  beams  was  notched  on  the  sill, 
and  securely  nailed  in  place. 

The  exterior  frame  is  now  fairly  complete  from  sill  to 
plate.  While  the  work  just  described  was  in  progress,  the 
partitions  were  erected,  the  first,  or  rough,  floors  laid  on  the 
interior,  and  the  window  and  door  openings  framed  and 
the  frame  sheathed  on  the  exterior.  In  fact,  it  is  sometimes 
necessary  to  erect  the  main  partitions  at  the  same  time  as 
the  outside  walls,  in  order  to  provide  a  support  for  the 
interior  ends  of  the  floorbeams. 

54.  The  studs  q,q  supporting  the  partition  plate  r  show 
the  position  of  a  principal  partition  supporting  the  ends  of 
the  second-story  beams  m  and  n,  and  the  continuation  of  this 
partition  in  the  second  story  supports  the  interior  ends  of 
the  attic  beams  p. 

The  plate  r  on  the  top  of  these  stud  partitions,  like  the 
main  wall  plate  o,  is  generally  composed  of  two  pieces  of 
studding  nailed  together,  and  though  one  thickness  would  be 
strong  enough  for  all  practical  purposes,  the  two  pieces  are 
preferable  in  order  to  secure  the  same  amount  of  shrinkable 
material  under  each  end  of  the  beam;  and,  as  the  ledger 
boards  on  the  outside  are  4  inches  deep,  the  plate  in  the 
interior  is  also  made  4  inches  deep. 

55.  The  framing  of  the  openings  is  shown  at  £*,  where 
the  studs  on  each  side  of  the  opening  are  doubled  and  spiked 
securely  together  to  act  as  practically  one  piece.  The  head 
and  the  sill  of  the  opening,  if  it  is  a  window,  are  also  com- 
posed of  doubled  studs,  and  where  the  window  is  over  3  feet 
in  width,  the  top  should  be  trussed.  The  double  studs  at  the 
sides  of  the  opening  are  carried  through  to  the  plate,  and  if 
there  are  to  be  two  openings,  one  over  the  other,  it  is  simply 
necessary  to  truss  the  upper  one,  unless  there  are  floorbeams 
or  other  details  that  will  concentrate  too  much  weight  over 
(he  opening.     This  is  the  case  at  E,  and  the  window  head  Is 
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of  the  two  beams  i  to  the  double 

studding  of  the  exterior  walls  of  a 
:  used,  one  where  the  doable  studs 
jr  windows  are  first  placed  in  posi- 
mediate  studs  are  spaced  16  inches 
i;  and  the  other  method,  in  which 
ughout  at  the  uniform  distance  of 
:  which  the  door  and  window  open- 
le  studding  framed  to  suit, 
ethods  is  shown  at  £  and  the  latter 
lave  been  cut  out  and  the  adjacent 
■■d,  the  space  between  them  being 
leams  in  the  same  manner  as  at  £. 
I  4  feet  between  the  centers  of  the 
opening,  and,  as  this  is  more  than 
is  limited  hy  the  stud  £■'  cut  in 
e  sill;  or,  if  the  plan  requires  the 
:  right,  two  studs  can  be  cut  in  and 
□y  pdint  desired. 

imposed  of  i-inch  boards,  matched 
on  one  side  to  give  them  a  uniform 
me  buildings,  the  sheathing  should 
7,  as  it  is  on  the  bracing  effect  of 
that  the  building  depends  for  its 
is  then  carried  over  the  whole  side 
ion  being  paid  to  door  or  window 
a  sheathing  board  projects  a  few 
t  is  permitted  to  remain  so,  and  the 
lurse  is  started  from  the  other  side 

llustrated  at  G,  where  the  dotted 
f  the  window  opening,  and  the  full 
ng  boards  as  they  are  laid  up  on 
ivhich  they  are  nailed  with  two  ten- 
wn  the  sheathing  sawed  out  to  the 
cut  flush  with  the  face  of  the  studs. 
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early  completed  and  the 
:he  structure  is  ready  to 
.of. 

use  is  rather  steep,  being 
,e  plumb-cut'of  the  rafters 
ire  on  the  side  of  the  tim- 
d  12  inches  of  the  tongue 
op  edge  of  the  rafter;  the 
■nark  the  plumb-cut.  The 
es  are  measured  and  cut, 
ind  sawed  complete,  it  is 
id  cutting  all  the  others, 

commenced. 

forming  the  end  of  the 
nposed  of  a  wide  piece  of 
ipper  edge,  as  previously 
le  rafters  x  are  spiked  on 
ir  the  other  end  two  other 
the  ridge  plate  in  position. 

as  to  foot  on  the  plate  o 
'  and  v',  which  are  then 
viously  cut  to  the  required 
'St  set,  and  then  the  valley 

plate  and  spiked  against 
piked  between  these  two 
)e  of  the  smaller  gable  is 
led  to  the  two  valley  raft- 
le  rafters  s'  may  be  set  in 
;ader  plate  f,  and  spiked 
ler  end  of  which  is  nailed 
he  two  valley  rafters  w' 

e  header  rafter  /'  must,  of 
I,  and  when  set  they  must 
jquent  operations  will  not 
■rafters  r'  and  p'  may  now 
he  valley  rafter  w'.  This 
nay  be  the  same  on  each 
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It  the  same  time,  for,  if  all  the  jack^rafters 
side  at  the  same  time,  it  would  cause  the 
lee  and  curve  out  of  line  and  prevent  the 
3m  fittine  properly. 

iasoa  great  care  must  be  exercised  itr  set- 
's /,  as,  in  driving  them  close  into  their 
rafter  f  is  liable  to  be  bulged  inwards  and 
e  gable  rafters  j'  above.  i 

he  rafters  are  in  place,  the  boarding  of  the 
shown  at  &,  and  above  this  boarding  the 
i  laid,  with  a  clear  space  between  them 
ed  length  of  the  shingles.  The  spacing  of 
s  measured  from  the  lower  edge  of  the 
at  the  eaves,  and  the  spaces  are  measured 
:o  the  ridge,  where  any  difference  in  expO' 
an  be  taken  up  either  by  increasing  or  by 
g  the  width  of  the  rtdge  boards  when  they 
eathing,  roof  sheathing,  and  shingle  laths 
•  each  stud,  or  rafter,  using  two  nails  for 
il  for  shingle  laths.  Where  a  joint  occurs 
rd  or  shingle  lath,  it  must  be  in  the  center 
id,  and  both  joining  ends  must  be  securely 
orting  timber. 

h  framing  of  the  building  may  now  be 
iplete.  The  skeleton  is  up  and  covered 
:  the  floorbeams,  or  joists,  are  in  position 
igonal  flooring  is  laid;  the  partitions  divi' 
re  all  studded,  and  the'  openings  for  doors 
!  all  been  framed  and  sawed  out  through 

for  the  carpenter  to  lath  the  partitions, 
the  ceilings,  nail  on  the  grounds  that  are 
Qscot,  trim,  picture  moldings,  etc.  on  the 
ing,  and  to  set  the  frames  for  the  windows 
he  outside  casings,  put  on  the  clapboards, 
igle  the  roof  on  the  exterior  of  the  build- 
1  then  be  practically  complete,  until  after 
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the  joiner  and  painter  have  finished.     In  man;  localities, 
the  lathing  is  done  either  by  special  lathers  or  by  plasterers. 

61.  Before  the  walls  are  lathed,  it  is  sometimes  desir- 
able, in  buildings  where  the  ceilings  are  high,  to  provide  a 
line  of  bridging  between  the  studs,  as  shown  at  h'.  The 
bridging  tends  to  make  the  walls  stiffer  sidewise,  and  the 
studs  are  thus  prevented  from  warping. 

At  f  is  shown  a  filling  of  brick  nogs,  as  they  are  called, 
from  the  top  of  the  foundation  wall  to  the  top  of  the  beams. 
This  nogging  consists  of  pieces  of  old  or  broken  bricks  laid 
in  lime  mortar  so  as  to  completely  fill  the  spaces  between 
the  studs  and  up  to  the  top  of  the  beams,  thus  not  only 
closing  a  passageway  for  cold  drafts  from  the  cellar,  but  also 
preventing  the  rapid  spread  of  flames  in  case  of  fire.  The 
brick  nogging  may,  with  advantage,  be  continued  up  three 
courses  higher  than  the  beams,  between  the  studs,  which  will 
prevent  drafts  at  the  floor  level,  caused  by  the  circulation  of 
the  air  through  the  channels  between  the  studding.  Some- 
times, where  brick  is  not  convenient,  short  pieces  of  2"  X  4" 
studs  are  filled  in  and  spiked  to  the  sill  and  beams. 


SPIRE    CONSTRUCTION 

62.  Angular  Spires. — One  of  the  most  important 
points  in  construction  is  that  of  proper  anchorage.  This 
requires  more  consideration  than  usual  in  the  case  of  a  spire, 
owing  to  the  fact  that  it  is  subjected  to  high  wind  pressures, 
which  affect  its  equilibrium.  In  Pig.  42  is  shown  the  fra- 
ming and  anchorage  of  an  octagonal  spire. 

While  the  long,  tilted  rafters,  usually  spliced  to  attain 
extreme  heights,  are  in  compression  on  one  side,  they  are  in 
tension  on  the  other.  This  is  due  to  horizontal  wind  pres- 
sure, which  has  a  tendency  to  tip  over  or  raise  one  side  ot 
the  base,  with  an  opposite  side  acting  as  a  fulcrum.  To  obvi- 
ate this,  the  rafters,  as  shown  at  m.  Pig.  42  {a),  are  bolted 
to  the  plate  n,  which  in  turn  is  bolted  to  vertical  timbers  /  in 
the  four  internal  angles  of  the  masonry.     These  timbers  rest 
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Chiteau  Martinville,  the  Chateau  de  Vitre,  and  the  Chateau 
Cheoonceauz  are  striking  examples.  They  are,  whether 
by  accident  or  design,  very  successful;  they  are  graceful  in 
outline,  and  their  surface  is  smooth  and  continuous. 

The  trades,  as  a  rule,  use  the  method  whereby  the  work 
can  be  executed  with  the  least  amount  of  material  and  with 
the  greatest  despatch,  without  giving  a  thought  as  to  the 
durability  and  ultimate  effect.  This  is  especially  so  where 
the  work  is  sublet,  and  where  each  contractor  considers  him- 
self independent  of  the  others.  Thus  the  task  of  covering 
up  and  trying  to  improve  the  poor  work  of  a  predecessor 
generally  devolves  on  a  trade  foreign  to  the  necessities  of 
the  case. 

64.  A  fixed  rule  for  the  height  of  tower  roofs  would  not 
be  desirable,  as  the  opinions  of  designers  vary,  but  a  safe 
course  to  follow  is  to  have  a  low-pitched  tower  roof  when 
the  main  roof  is  low,  and  to  have  a  steeper  one  when  the 
main  roof  has  a  greater  pitch,  thereby  producing  a  feeling 
of  unity  in  the  design. 

A  rational  rule  to  follow  in  placing  the  rafters  is  to  continue 
the  constructive  lines,  and  never  let  the  toe  of  the  rafter  pro- 
ject beyond  the  plate  line,  or  face,  of  the  tower  wall. 

When  the  cornice  is  in  position,  the  space  between  the 
crown  molding  and  the  toes  of  the  rafters  may  be  utilized 
for  a  gutter,  or  preferably  a  bell  cast,  flare,  or  curved  con- 
tinuation of  the  roof  slope.  In  Pig.  43  is  shown  the  proper 
position  of  the  rafters,  a  b  representing  the  wall  line,  c  the 
wall  plate,  and  cd  the  roof  rafter  so  set  that  the  toe  is  on  the 
line  ab. 

65.  To  obtain  the  proper  horizontal  and  vertical  mitering 
for  the  curved  sheathing,  when  the  pitch  of  the  roof  and  the 
curve  of  the  bell  cast  are  given,  the  following  method  may 
be  used:  Lay  out  one-quarter  of  the  plan  of  the  tower,  as  in 
Fig.  44,  as  indicated  by  the  quadrant  abc\  divide  the  arc  ac 
into  two  equal  parts,  and  draw  b  d;  divide  the  arc  dc  into  any 
desired  number  of  spaces,  as  indicated  at  e,f\  etc.,  denoting 
the  width  of  the  sheathing,  or  staves,  at  their  base. 
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The  snrfaces  contained  in  afgk  and  g^hij,  with  a  face 
width  equal  to  de,  represent  the  smallest  material  out  of 
which  the  staves  may  be  cut.  At  the  junction  of  the  straight- 
sIo[>e  of  the  roof  ik  and  the  bell  cast  agi,  draw  the  line  t'l  at 
right  angles  to  ik;  and,  as  the  arc  at  is  tangent  to  ik,  the 
upi>er  miter  cut  will  be  the  extension  of  tl  at/. 

On  the  line  //,  at  the 
given  point  of  radius  m, 
describe  the  arc  at. 
Divide  the  arc  a  i,  as 
at  g;  from  the  center  m 
drawthe  line  m A  through 
the  pointy  then,^  h  will 
be  the  horizontal  miter 
cat  for  the  foot  of  the 
stave  ^A/y.  and  the, 
upper  horizontal  miter 
cut  for  the  stave  algh. 

To  obtain  the  vertical- 
side  miter  cuts,  project 
the  points  g.  A,  (',  and  j 
to  thehorizontal  line  a,  b, 
cutting  it  at  the  points 
g\k*,i',  and/'.  Withi 
as  a  center,  describe  ' 
the  quadrants  //'*,  g^ 
g",i'h",  i't",  and/'/". 
From  6  draw  the  line  i  n 
through  the  center  of  a 
stave,  as  at  o. 

66.     In  laying  out  •""  « 

the  stave,  set  off  on  the  face  of  the  lower  one,  at  its  base, 
the  ordinates  odyOe,  and  at  its  top  the  ordinates  o'g'.o'g'. 
Set  off  on  the  under  side  of  the  stave,  at  its  base,  the 
ordinates  o' /',  o' /',  and  at  its  head  the  ordinates  c'A',  o'A". 
Draw  bd  through  f'g' k',  and  be  through  f'g' k',  giving  the 
vertical  side  miter  cuts  of  the  lower  stave, 
iss— M 
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latling:  strips  se 
ions,  and  to  bri 
ving  the  trim 
lings.  They  coi 
kness  and  from 
>se  they  are  to  s 
jrounds  correct! 
le  character  am 
of  the  eround 
e  beveled,  so  tb; 

if  applying  grov 
In  the  angle  f< 

md  the  rough 
ids,  and  at  aboi 
allel  with  this  s 
of  the  grouijd  i 
,  so  that  the  bt 
The  upper  edi 
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is  sometimes  left  square,  but  the  plaster  is  better  bound  in 
place  when  the  edge  is  beveled,  as  shown  by  the  upper 
strip  in  the  figure.  To  these  strips  the  base  is  then  nailed 
after  the  plastering  is  dry. 

In  dining  rooms,  kitchens,  billiard  rooms,  etc.,  where  a 
chair  rail,  or  wainscot,  is  to  be  placed,  another  ground  about 
4  inches  wide  is  nailed  to  the  studs  from  2  feet  6  inches  to  3 
feet  above  the  floor,  according  to  the  height  of  the  wainscot; 
and,  in  parlors,  libraries,  reception  rooms,  etc..  a  strip  1  inch 
in  width  is  nailed  from  1  foot  to  2  feet  6  inches  below  the  ceil- 


ing to  receive  the  picture  molding.  This  latter  strip,  how- 
ever, is  not  generally  used,  as  the  picture  molding  may  be 
placed  directly  on  the  surface  of  the  plaster,  wire  nails  being 
driven  into  the  studs  or  furring  strips,  or  into  wooden  plugs 
in  case  of  brick  partitions.  Where  a  wooden  cornice  is  to 
be  carried  around  a  room,  a  ground  must  be  provided  for  it 
in  the  angle  between  the  ceiling  and  the  side  walls.  The 
surfaces  of  the  stud  partitions  between  these  grounds  are 
then  lathed.  The  ceilings  in  ordinary  work  are  lathed 
directly  on  the  under  side  of  the  beams,  but  where  a  first- 
class  job  is  desired,  the  beams  should  he  cross-furred. 
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AVOIDANCE  OP  PLASTER  CRACKS 

3.  Natural  settlement  caused  by  shrinkage  of  the  mate- 
rials is  not  easily  overcome,  and  when  large  timbers  are 
used  it  cannot  well  be  avoided.  Seasoned  framing  timber 
is  scarce  and  expensive,  and  the  average  architect  can  at 
best  but  require  "that  all  beams,  joists,  studs,  and  framing 
material  must   be  as  dry  as   the   market   afEords,"  which 


eventually  means  a  series  of  cracks,  seams,  and  fissures  in 
the  plastering.  These  are  most  prominent  where  the  beams 
"^  joists  run  parallel  with  and  support  partitions,  in  which 
(^ses  the  partitions  settle  with  the  beams,  leaving  an  ugly 
tap  along  the  ceiling  line.  Where  the  beams  sag  in  addi- 
tion to  shrinking,  a  series  of  zigzag  diagonal  cracks  will 
appear  on  the  surface  of  the  wall.  A  similar  effect  will  take 
place  where  a  partition  is  supported  by  a  tier  of  joists  run- 
Ding  at  right  angles  thereto,  and  where  it  is  located  at  or 
near  the  center  of  the  span;  all  the  joists  shrink,  but  those 
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ire  set  just  the  thickness  of  the  lath  back  from  the  face  of  the 
Slack,  as  shown  at  A,  Fig.  5.     This  is  a  grave  error,  as  the 
sure  outcome  will  be  cracked  and  broken  plaster.     Chimneys 
are  usually  built  with  lime  mortar  and  constructed  hurriedly, 
it  being  required  that 
the  bricklayer  complete 
a  chimney  in  from  2  to 
3  days.     As  the  height 
in   an   ordinary  two- 
story  dwelling  may  be 
45   feet,  and  as  there 
are   about  5  joints  to 
each  foot  in  height, 

there   are   about    225  •''"  * 

joints  from  which  the  water  must  evaporate,  causing 
shrinkage   and    settlement   of   the   stack.  > 

To  avoid  excessive  settlement,  the  stack  should  not  be 
raised  over  5  feet  a  day  in  dry  weather,  if  laid  with  lime 
mortar;  where  time 
has  to  be  considered, 
cement  mortar  should 
be  used.  With  refer- 
ence to  the  framework, 
the  stack  should  be  built 
free  to  move  in  a  verti- 
cal direction,  and  where 
partition  studding  is 
placed  in  the  manner 
shown  at  B,  Fig.  5,  this 
can  readily  be  done. 
Cracks  that  subse- 
quently occur  will  be  in 
the  internal  angles, 
°'  ^  where   they  are  not  so 

noticeable  and  where  they  can  be  readily  repaired  without 
destroying  the  appearance  of  the  walls.  The  heated  brick- 
work of  the  stack  also  causes  the  studs  to  dry  rapidly  and 
to  warp,  thus  producing  a  rift  between  the  wall  and  the  stack. 
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5.  When  joists  or  studs  are  over  2  inches  thick,  they 
should  have  a  strip  nailed  on  their  edge  to  obtain  a  better 
key  for  the  mortar.  To  provide  for  this,  and  also  to  avoid 
cracks  resulting  from  the  joists  becoming  warped  and  twisted 
while  drying,  it  is  customary  in  good  work  to  cross-fur  the 
ceilings  with  i"  X  li"  strips  set  at  12-inch  centers  and  well 
nailed  to  the  joists.  In  this  connection,  the  joists  should  be 
well  braced  with  cross- bridging.  A  row  of  zigzag  bridging 
in  the  height  of  studs  will  also  render  effective  service  and 
prevent  them  from  twisting. 

All  external  and  internal  angles  of  stud  partitions  should 
be  made  firm  and  rigid,  otherwise  subsequent  shrinkage  will 
cause  the  wall  surfaces  to  separate  and  show  fissures  that 
cannot  be  closed.  The  practice  of  running  the  lath  of  the 
outer  walls  across  the  back  of  the  abutting  partition  stud  and 
simply  butting  the  lath  of  the  partition  against  it,  is  bad,  and 
should  never  be  tolerated. 

False  jambs  should  be  well  nailed  to  studs  at  door  open- 
ings, so  that  the  slamming  of  doors  will  not  bring  any  strain 
on  the  plaster  behind  the  casing. 

Suitable  plaster  grounds  should  be  placed  for  all  base, 
wainscot,  and  door  and  window  trim,  especially  where  the 
latter  adjoins  brickwork.  It  is  particularly  necessary  that 
the  grounds  should  be  of  good,  seasoned  stock,  as  the 
slightest  shrinkage  will  cause  them  to  move  and  disturb  the 
plastering  when  the  trim  is  attached. 

6.  Unskilful  and  careless  lathing  is  also  responsible  for 
many  plaster  cracks.  Laths  should  be  properly  seasoned 
and  kept  from  being  soaked  by  rainwater  after  they  have 
been  seasoned.  Where  laths  are  unseasoned  or  have  been 
carelessly  piled  and  used  in  a  wet  condition,  they  will  subse- 
quently shrink  and  cause  the  appearance  of  an  endless  series 
of  seams.  The  laths  should  not  be  too  dry  and  parched,  or 
they,  will  absorb  the  valuable  moisture  from  the  plaster  and 
cause  it  to  become  powdery  and  lose  its  toughness.  This 
trouble,  however,  can  be  avoided  by  sprinkling  the  lath  with 
water  before  applying  the  scratch  coat. 
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Cross-grained  latbs  are  to  be  avoided,  as  in  drying  they 
curl  and  warp,  break  the  bond  of  the  plaster,  and  cause  cracks. 
In  good  work,  where  sawed  lath  is  used,  special  atteDtion 
should  be  paid  to  this  element,  aod  none  but  straight-grained 
material  allowed. 

Where  $tuds  are  set  at  16-incb  centers,  laths  should  not  be 
less  than  i  inch  thick;  laths  thinner  than  this  yield  under 
slight  pressure  and  strain  the  plaster.  A  wall  properly 
lathed  and  coated  with  f  inch  of  common  haired  plaster, 
when  thoroughly  dried,  should,  when  struck  with  the  hand, 
be  BmQ  and  compact  and  sound  like  a  drum. 


SIDING 

7.     Beveled  and  Novelty  Sldlnfir.^Sldlne  is  the  term 
applied  to  the  material  with  which  the  exterior  walls  of  a 
frame  building  are  usually  covered.     There  are  two  kinds: 
beveled  siding,  and  tuwelfy, 
or  German,  siding: 

Beveled  siding  con- 
sists of  sawed  and  planed 
boards  in  commercial 
lengths  of  about  16  feet 
and  a  width  of  from  4  to  6 
inches.  The  thickness  of 
this  kind  of  siding  is  f  inch 
at  one  edge,  beveling  back 
to  I  inch  at  the  other  edge, 
as  shown  in  Fig,  6, 

Novelty  siding^  has  a 
uniform  thickness  of  about 
i  inch,  except  where  it  is 
rabbeted  at  the  bottom  to  ''"^' ' 

receive  the  chamfered  edge  of  the  next  board  below,  and 
where  it  is  chamfered  at  the  top  to  fit  the  rabbet  of  the  board 
next  above,  as  shown  at  6,  Fig.  7.  Novelty  siding  is  manu- 
factured in  single  widths  of  from  5  to  9  inches,  although  in 
very  cheap  grades  of  work  it  is  used  in  double  widths,  with 


itizecoy  Google 


I  TRY  §32 

-ough  the  middle  to  imitate 

I  the  width  of  the  chamfer 
be  made  with  novelty  siding; 
>ne  course  may  overlap  the 
iit3  of  the  width  of  the  mate- 
1.  It  is  preferable,  therefore, 
use  beveled  stock  on  all  first- 
iss  work,  though  it  costs  a 
fle  more  and  requires  more 
)or  to  put  it  in  place.  Bev- 
:d  siding  is  more  durable  on 
posure  to  the  weather,  less 
ble  to  crack  and  check,  while 
thinness  renders  it  easily 
tedout;also,the  stock  is  more 
ely  to  be  well  seasoned  than 
it  used  for  novelty  siding. 

S.  Method  of  Siding  a 
■tiding. — Before  the  siding 
put  on  the  building,  a  water- 
Me  e.  Fig.  6,  and  Fig.  7,  ex- 
iding  about  1  inch  below  the 
icture.  The  water-table  has 
i,  and  d.  Fig.  7,  which  serves 
ater  that  runs  down  the  side 
his  water  off  to  the  ground 
oundation,  to  rot  the  sill  and 
jalthful. 

pitched  in  order  to  give  its 
om  15°  to  30°  to  the  hori- 
ked  on  its  top  so  as  to  form 
ling  and  thus  make  a  water- 

lilding,  from  the  water-table . 
re  thicknesses  of  heavy  felt 
>revent  drafts  from  working 
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the  tower  and  proloneed  toward  e  indefinitely.  A  line  os 
is  then  drawn  as  a  continuation  of  the  direction  of  the 
inside  slanting  surface  of  one  piece  of  the  siding,  and  is 
prolonged  until  it  intersects  the  axial  line  de  at  x.  With 
this  point  of  intersection  x  as  a  center,  and  radii  equal  to 
xo  and  xm,  respectively,  the  arcs  op  and  mn  are  described. 
Then,  the  figure  mnpo  will  be  of  the  form  and  curvature 
necessary  to  secure  the  level  lines  on  the  top  and  bottom  of 
the  siding  after  it  is  bent  around  the  tower  in  the  position 
shown  at  oh. 

This  form  mnpo  should  be  first  cut  out  of  heavy  paper, 
and  then,  using  the  paper  as  a  pattern,-  the  curve  can  be 
traced  on  each  strip  of  siding  and  worked  out  with  a  draw 
knife  and  a  plane.  The  exterior  distance  from  center  to 
center  of  the  studs  shown  in  the  plan  Kb)  should  be  marked 
off  on  the  pattern  piece  with  lines  converging  toward 
the  point  x,  as  shown  at  ij,  k  I,  and  all  the  butt  joints 
between  the  ends  of  two  pieces  of  curved  siding  should  be 
cut  on  one  of  these  lines,  in  order  to  insure  a  properly  fitting 
joint  and  to  have  the  ends  meet  in  the  center  of  a  stud. 
When  the  siding  is  put  on  the  building,  its  lower  edge  is  laid 
and  nailed  to  a  line  previously  marked  for  it  on  each  stud. 

Where  the  siding  is  specially  worked  with  a  vertical  back, 
so  as  to  hug  the  sheathing,  it  can  be  applied  in  straight 
pieces.  In  this  case,  the  surface  of  the  tower  is  cylindrical, 
while  in  the  other,  where  beveled  siding  is  used,  the  surface 
of  each  layer  is  conical.       

VERANDAS 

10.  The  details  of  construction  of  the  exterior  features 
of  a  building  require,  on  account  of  their  exposed  situations, 
especial  consideration  in  order  to  insure  the  fulfilment  of  the 
purposes  required  of  them.  Veranda  construction  must  pro- 
vide all  the  requirements  of  an  outdoor  sitting  room  in  fair 
weather,  and  at  the  same  time  insure  the  side  of  the  house 
on  which  it  is  built  against  the  invasion  of  water  and  damp- 
ness during  a  heavy  rainstorm;  it  must  also  permit  the  rapid 
drying  of  the  floor  and  timbers  after  such  a  storth  is  over. 
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nda  ConBtructlon. — In  Fig.  9 
ew  of  the  details  of  construction 
d  pitches  at  the  rate  of  i  inch 
!  line  to  the  front  edge  at  e,  in 
[  as  soon  as  it  falls.  For  the  same 
floor  are  laid  across  the  veranda, 


water  would  lodge  in  the  joints 
rial. 

or  boards  in  this  direction,  it  is 
i  of  framing  the  floorbeams  length- 
lerefore,  under  each  veranda  post 
pier  a.  on  which  is  laid  the  4"  X  6" 
sngth  of  the  veranda.  From  this 
the  foundation  wall  of  the  house. 
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luilt  in  to  receive  it;  or,  where 
rder  simply  rests  on  the  briclt- 
The  veranda  floor  joists  c  are 
as  shown  at  //,  and  securely 
buildings,  the  g^irders  usually 
s  well  spiked  to  the  sheathing. 
isary  pitch  of  i  inch  to  the  foot 
3er  b  may  be  laid  at  the  neces- 
lay  be  either  planed  or  sawed 
r  pitch  and  the  bottom  allowed 
rase,  the  beams  are  framed  so 
the  top  of  the  girder,  and  the 

ould  be  at  least  li  inches  in 
ed,  and  laid  in  white  lead;  that 
rds  should  be  thoroughly  filled 
vhite  lead  and  raw  linseed  oil. 
ng  the  edges  of  the  boards  with 
n  tightly  together  as  they  are 
;randa  floors  is  clear,  dry  white 
from  all  imperfections. 

her  square,  as  at  k.  Fig.  9,  or 
led,  good,  sound,  dry  timber, 
the  tree.  After  being  sized 
the  posts  are  carefully  sawed 
an  even  length;  the  pores  of 
are  then  filled  with  white  lead, 
ip  on  the  finished  floor  of  the 

on  the  porch  floor  will  soon  rot, 
(a).  For  this  reason,  the  bases 
:ed  on  metal  shoes  or  cast-iron 
hes  in  diameter  that  raise  them 
;  {t^  is  shown  an  iron  button  of 
ttons  are  placed  under  a  square 
let  into  the  floor  and  the  post 
Another  method  is  to  rivet  the 
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as  shown  at  /,  Pig.  9,  and  sawing  the  lower  end  of  the 
rafters  so  as  to  stand  plumb  over  the  girder  /.  The  con- 
tinnation  of  the  roof  pitch  below  the  gutter  is  maintained 
by  spiking  to  each  ceiling  beam  a  triangular  piece  i.  and 
boarding  it  over  to  form  the  roof  slope  and  gutter  v.  The 
beam  soffit  casing  is  shown  at  m.  ' 

16.  The  ceiling  of  the  veranda  may  be  formed  of  narrow 
strips  w  of  pine  or  hardwood  laid  on  and  blind-nailed  securely 
to  each  of  the  ceiling  beams  i.  A  better  appearance  is  pre- 
sented when  the  ceiling  boards  are  placed  at  right  angles  to 
the  building,  in  which  case  blocking  or  furring  strips  should 
be  run  at  right  angles  to  the  ceiling  beams.    Sometimes,  the 


veranda  roof  is  left  open  on  the  under  side,  exposing  the 
timber  construction.  When  this  is  the  case,  no  ceiling  beams 
are  used,  but  the  exposed  portions  of  the  rafters  are  planed 
and  dressed;  the  roofing  boards  are  of  selected  narrow 
stock,  planed  and  matched,  and  laid  with  their  finished  side 
downwards. 

17.     Figs,  11  and  12  show  the  method  of  construction 
used  for  a  porch  such  as  would  be  found  on  a  house  of  the 
Colonial  type.     At  a.  Fig.  12.  is  shown  a  method  of  changing 
iw—zs 
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the  pitch  of  the  porch  beneath  the  balustrade  so  that  the 
nosing  at  b  may  be  level  and  line  up  with  the  water- 
table  c. 

18.  The  method  known  as  chamferlnK  is  sometimes 
resorted  to  as  a  means  of  relieving  exposed  timbers  of  the 
sharp  angle,  or  corner,  where  their  finished  faces  meet.  It 
consists  of  cutting  off  the  comers  of  a  girder, 
ceiling  beam,  veranda  post,  or  other  exposed 
timber  for  a  part  of  its  length  and  stopping 
the  chamler  against  an  oblique  cut,  called  the 
chamfer-stop,  made  at  an  angle  of  about  45°  or 
60°,  as  shown  at  ab,  Fig.  13,  where  be  is  one  of 
the  chamfered  c 


19.  Chamfered  corners  are  very  couspicu- 
Pio.  IS  Q^g  j[j  Swiss-cottage  architecture,  where  the 
entire  framework  of  the  building  is  more  or  less  exposed  and 
ornamented.  The  width  of  a  chamfered  edge  is  entirely  a 
matter  of  taste.  Of  course  the  chamfer  should  never  be  so 
great  as  to  impair  the  strength  of  the  timber,  while,  on  the 
other  hand,  it  should  be  prominent  enough  to  be  clearly  seen 
from  any  point  where  the  timber  so  treated  is  conspicuous. 
This  js  especially  the  case  with  girders  and  floorbeams, 
which,  being  above  the  eye,  require  a  somewhat  heavier 
chamfer   than   posts   and   railings. 


CENTBB8  FOB  ARCHES  AND  DOMES 

20.  Arch  Centers.^ Where  any  portion  of  the  outer 
or  inner  walls  of  a  building  is  to  be  built  of  brick  or  stone, 
and  the  openings  in  these  walls  are  to  have  curved  heads, 
the  carpenter  will  be  called  on  to  make  and  set  in  place 
wooden  templets,  or  centers,  as  they  are  called,  on  which 
the  mason  can  build  the  arches.  These  centers  are  allowed 
to  remain  in  place  until  the  mortar  has  thoroughly  set  and 
rendered  the  arch  self-supporting. 

21.  Center  for  Senit circular  Doorway, — In  Fig.  14 
is  shown  a  wooden  center  for  a  semicircular  doorway 
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in  a  12-mch  brick  wall.  At  (a)  is  shown  the  side  view  of 
the  ceoter  and  its  supports,  aod  at  W  the  elevation  of  the 
center  in  position  in  the  wall.  The  faces  of  this  center  are 
each  composed  of  two  pieces  c  of  li-inch  plank  sawed  to  the 
proper  curve.  These  are  held  together  at  the  bottom  by 
the  tie-piece  6,  which  is  securely  nailed,  as  shown,  while  the 
joint  at  the  top  is  secured  by  a  fish-plate  d  nailed  to  both 
pieces  on  the  inside  of  the  boards. 

Two  face  pieces  formed  in  the  manner  just  described  are 
then    joined    together    with    small    strips,    called    lagging. 


\\  inches  thick,  \\  to  2  inches  wide,  and  12  inches  long,  as 
shown  at  e.  The  bottoms  of  the  face  pieces  are  secured  by 
two  caps  i  nailed  to  each  face,  and  under  these  caps  are 
placed  the  supports  /,  when  the  center  is  set  in  the  opening 
ready  to  be  built  on.  The  lower  ends  of  the  supports  / 
should  not  rest  directly  on  the  sill  of  the  opening,  but  on 
two  slip  wedges  g,  which  are  driven  out  by  degrees  after 
the  masonrv  has  set,  thus  allowing  the  arch  to  settle  down 
gradually   to  its  own   proper   bearing.     The   braces   a  are 
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caps  g,  while  the  center  is  strengthened  1 
ing  from  the  tie-piece  /  to  each  of  the  int 
of  the  face  pieces,  as  b,  c,  and  d.  Small 
then  nailed  on  the  curved  edges  in  the  %i 
the  semicircular  center,  their  length  being 
ness  of  the  wall  in  which  the  arch  is  to 
Bpective  of  this  arch  center  is  shown  in 

23.     Direction  ot  Joints  In  Centei 

centers,  the  joints  between  the  different  s 


pieces  should  always  be  in  a  line  perpend 
at  the  j)oint  where  the  joint  line  intersects 
the  arch.  For  example,  in  Fig.  15,  the  j^ 
tish-plates  is  perpendicular  to  the  line  xy,  ■ 
the  curve  at*.  These  joint  lines  will  all  cc 
center  from  which  the  curve  is  struck  whe 
circular,  as  vw.  Fig.  14,  but  in  other  c 
found  only  by  first  drawing  the  tangent,  a 
24.  Trimmer- Arc li  Centers. — Ceni 
■rolieB  are  bnilt  to  extend  froth  the  brick 
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sam  of  the  floor,  where  it  is  framed  around  a 
wn  in  Fig.  17. 

ic  difference  between  the  trimmer-arch  center 
iously  described  is  that  the  wooden  center 
ft  in  place  and  remains  in  the  building 
iry  arch  is  laid  over  it.  When  the  masoQ 
cwork  of  the  chimney,  he  corbels  out  one 
ibout  H  inches  at  the  level  of  the  under  side 
IS,  as  shown  at  e.  The  carpenter  then  builds 
lat  one  end  rests  on  the  brickwork  at  e  and 
notched  over  a  li"  X  2i  or  3"  cleat  d  nailed 
seam  a.  The  face  piece  of  the  center  e  is 
ickness,  and  its  upper  edge,  on  which   the 


ed,  is  sawed  to  the  curve  of  the  arch,  so  that 
ill  be  about  ij  inches  in  thickness  where  it 
ckwork  at  e,  and  about  4i  or  5  inches  less 
d  than  the  depth  of  the  floorbeams.  The 
like  c  required  for  a  trimmer-arch  center 
length  of  the  hearth  that  is  to  be  built  over 
ig  below  is  to  be  plastered,  however,  it  is 
e  a  rib  opposite  each  tail-beam  supported  by 
s  avoiding  the  waste  of  lath.  Where  the 
header  is  not  more  than  18  inches  from 
wall,  the  lath  may  be  run  at  right  angles 
ed  at  the  wall  end  to  the  cleat  g. 
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—When  the  roof  of  a  building  is 
>r  in  part,  in  the  form  of  a  hemi- 
:  is  called  a  dome,  and  the  rafters 
d  or  bent  to  the  required  curvature. 
Some.— ^A  hemispherical  dome 
lich  (6)  is  a  half  plan  and  (a)  the 
curve  of  the  dome  is  described 
radius  s'e'.    This  is  also  the  curve 


FiO.  18 

r.  The  center  of  the  plan  s  is  the 
d  outline  of  the  plate  a  is  described, 
rafters  /  rest.  At  c  is  the  upper 
ipper  ends  of  the  rafters  /  and  at 
:ular  opening,  called  the  eye  of  the 
ind  air.  About  half  way  up  the 
wn  a  line  of  purlins  cut  in  between 
I  the  upper  ends  of  the  small  jaek- 
rlins  is  shown  at  b  in  the  plan,  and 
at  the  main  rafters  are  spaced  at  a 
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28.  The  second  method  of  covering  the  dome  is  shown 
in  Fig.  20.  The  boards  In  this  case  are  laid  in  short  hori- 
zontal courses  as  axfoba.  The  springing  Hoe  of  the  dome  is 
shown  at  If  a.  On e-hatf  the  curve  of  the  elevation  a  e,  Fig.  20, 
is  divided  into  any  number  of  equal  parts  as  ab,  be,  cd,  etc., 
each  part  being  equal  to  the  width  of  one  of  the  covering 
boards.  The  line  i^c  is  drawn  from  the  point  f>  throHgh  the' 
point  c  and  is  prolonged  until 
it  intersects  the  axis  fe  of  the 
dome,  prolonged,  at  k;  then, 
from  the  point  c  through  d  a 
line  is  drawn  until  it  intersects 
the  axis  line  at  /,  and  so  with 
each  of  the  other  parts,  until 
the  points  i,  /,  m,  etc.  on  the 
axis  line  are  obtained.  WithA 
as  a  center  and  a  radius  h  b, 
the  curve  that  will  form  the 
lower  edge  6g  oi  the  board  it 
can  now  be  described,  while 
with  the  same  center  and  a 
radius  Ac  it  is  possible  to  de- 
scribe the  arc  cfi  that  marks 
the  curvature  of  the  upper 
edge  of  the  board.  From  the 
point  J  as  a  center,  and  with  the  radii  /c  and  /rf,  the  arcs  cl 
and  du  are  described;  these  mark  the  outline  of  the  board  erf. 
In  the  same  manner,  the  outline  for  each  of  the  boards  in 
the  dome  is  marked,  until  the  top  opening,  or  eye,  is 
reached,  which,  when  not  to  be  framed,  is  closed  over 
with  a  flat,  circular  piece  of  board,  the  center  of  whose 
curvature   would   be   at  e. 


29.  When  a  dome  is  comparatively  small  and  great 
neatness  is  required  in  the  perfection  of  its  semicircular 
outline,  it  is  desirable  that  the  joints  should  be  planed  down 
to  round  the  surface,  whether  the  boards  run  horizontally 
around  the  dome,  as  in  Fig.  20,  or  extend  from  bottom  to 
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Hien  a  dome  is  large  and  well  above 
of  of  a  high  building,  such  nicety  is 
overing  material  will  round  the  form 

169. — An  Interior  dome  is  sometimes 
f,  and  is  very  commonly  seen  over  a 
ninated  through  an  ornamental  glass 


Pia.  zi 
he  eye  of  the  dome.     These  interior 
lliptical  in  form,  but  whether  the  out- 
a  semiellipse,  the  method  of  framing 

Ian  of  an  interior  dome,  the  outline  of 
,ving  a  length  ac  and  a  width  bd.  In 
-.  eye,  whose  length  kg  and  width  ei  are 
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its  longitudinal  axis  be  equal  to  the  width  of  the  passage, 
and  its  semi  transverse  axis  over  the  axial  line  of  the  pas- 
sage B  equal  to  the  height  (g  of  the  semicircular  arch  aver  A. 
The  groins  ab  and  cd  will  also  be  semiellipses.  Their 
curvature  and  the  necessary  dimensions  for  the  ribs  may  be 
obtained  by  erecting;  on  perpendicular  to  ab  and  equal  in 
length  to  /y,  and  then  despribing  the  quarter  ellipse  br'm'n, 
withon  as  its  semiminor  axis  and  06  as  its  semimajor  axis. 
These  semielliptical  arcs  may  be  described  according  to  the 


method  explained  in  Geometrical  Drawing;  or,  points  oq 
the  curves  may  be  determined  by  projection.  From  any 
points  on  the  semicircular  arch,  33  i,j,k,l,  draw  the  lines 
im,}r,kv,le  parallel  with  i?/,  and  where  these  lines  inter- 
sect the  diagonal  line  ob,  erect  perpendiculars  both  to  the 
groin  and  to  the  line  be.  Then,  by  laying  off  successively 
on  these  per£)endiculars  the  distances  ih,j2,k3,  and  14, 
from  m,  r,  etc.  on  the  line  ab,  and  the  same  distances  from 
the  line  be,  points  will  be  established  through  which  may 
be  drawn  the  curves  bn  and  bzg. 
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Between  these  intersecting  groin  ribs,  small  jack-ribs,  or 
rafters,  r  are  framed,  and  their  curved  outline  is  precisely  the 
same  as  that  of  the  main  ribs  bgc.  Fig:.  22,  as  far  as  they  reach 
on  each  side  of  the  center,  or  axial,  lines.  The  main  ribs 
and  jaclc-ribs  are  spaced  from  the  center  cat  a  uniform  distance- 
of  16  or  24  inches  on  centers,  according  to  the  span,  and  lath 
is  then  applied  in  the  usual 
manner  to  the  under  side. 

The   lengths    and   cheek 
cuts  of  these  jack-ribs  may 
be  determined  by  projecting 
their  points  of  intersection 
I  with  the  groin  ribs  to  the 
'  curve    of    the    main    ribs. 
Thns,  from  the  points  /, «', 
x"  and  y,d,i  on  the  groin 
ribs   oa   and   od.    Pig.   22, 
draw  the  lines  //,  yy,  etc. 
The  exterior  lines  of  each 
''°  ^  rib  will  determine  the  length 

of  the  side  of  the  jack-rib  that  is  farther  away  from  the 
point  o,  and  the  interior  lines  for  each  rib  will  mark  the 
length  of  the  jack-rib  that  is  nearer  the  point  o.  Then,  if  these 
lines  are  marked  on  opposite  sides  of  the  jack-rib,  a  line  con- 
necting their  ends  across  the  edge  of  the  jack-rib  will  mark 
ifie  cheek  cut,  as  shown  for  the  two  longer  jack-ribs  at  s. 

32.  Pointed  Arches. — A  pointed  arch  is  one  com- 
posed of  arcs  struck  from  two  or  more  centers,  the  curves  of 
which  are  not  tangent  to  each  other,  but  meet  at  an  angle 
as  shown  at  /,  Fig.  23.  The  ceiling  of  two  intersecting 
passages,  which  are  vaulted  in  the  form  of  a  pointed  arch, 
or  vault,  forms  a  groined  vault  not  unlike  that  just  described. 

33.  Pointed  Vaults. — The  pointed  vault  shown  in 
Fig.  23  is  composed  of  the  arcs  of  two  circles  described 
from  four  centers  1,2,3,4,  as  shown  by  the  radial  lines. 
The  smaller  arcs  at  the  sides  of  the  vault,  described  from 
centers  1  and  2,  are  tangent  to  the  larger  ones  described 
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from  centers  3  and  4;  but  the  two  arcs  last  named  are  not 
tangent  to  each  other,  and  therefore  form  a  point  at  the 
center  that  is  over  the  axial  line  of  the  passage.  As  explained 
in  Art  31,  the  diagonal,  or  groin,  ribs  are  laid  out  hy  means 
of  lines  projected  from  points  on  one  of  the  arches  parallel 
with  the  axial  line  lo,  and  intersecting:  the  groin  line  ab. 
Perpendicular  to  the  groin  at  these  points  of  intersection, 
the  lines  mm',  nn',  vi/,  and  fe'  are  drawn  equal  in  length 
to  iA,  etc.,  respectively,  and  through  the  points  m',  «',  v',  e', 
the  curve  of  the  groin  is  described.  The  wooden  rib,  the 
under  side  of  which  forms  the  contour  of  this  groin,  is  shown 
by  the  shaded  portion. 

Between  these  intersecting  groin  nbs  slnall  jack-ribs  r  are 
framed,  and  their  curved  outline  is  precisely  the  same  as  that 
of  the  main  ribs  dffi  as  far  as  they  reach  on  each  side  of  the 
center  line.  The  main  ribs  and  jack-ribs  are  spaced  from 
the  center  0  at  a  uniform  distance  of  8,  16,  or  24  inches, 
according  to  the  span,  and  lath  is  then  applied  in  the  usual 
manner  to  the  under  side.  The  bevels  for  cutting  the  ends 
of  the  jack-ribs  are  found  in  the  manner  previously  described. 

34.  Pendentlves. — Another  method  of  finishing  the 
roof  or  ceiling  over  the 
'ntersection  of  two 
passageways,  is  to  con- 
struct over  the  cross- 
a  hemispherical 
,  when  the  pas- 
^'i^ea  are  of  the  same 
^\dth,  and  an  elliptical 
j(,nie  when  they  are 
of  different  widths. 
The  effect  of  this 
treatment  is  shown  in 

Fig.  24,   where   the . -        

passage    A    intersects  ^'°  ^ 

and  crosses  the  passage  B,  and  the  sides  of  each  one,  pro- 
longed by  dotted  lines,  form  the  rectangle  abed,  which  is 


dome 
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curve  exactly  as  far  as  they  reach,  but  their  upper  ends  will 
be  beveled  and  pointed  to  fit  in  around  o,  while  their  lower 
ends  will  require  a  plumb-cut  and  a  cheek  cut  to  fit  them 
against  the  arch  pieces  at  ab,  ad,  c b,  and c d. 

36.  To  find  the  lengths  and  cuts  for  these  jack-ribs,  from 
the  points  z  and  s,  Pig.  25,  where  the  sides  of  the  ribs  oa' 
and  ol^  intersect  the  side  of  the  diagonal  ob,  draw  zu  and  st 
parallel  with  oc.  The  line  zu,  where  it  crosses  the  rib  bcuy, 
will  mark  the  shoulder  from  which  to  bevel  the  end  of  the 
rib  oa',  and  the  line  st  will  mark  the  shoulder  from  which 


Pio.K 

to  bevel  the  rib  o¥.     The  end  piece  vc  will  be  cut  off,  as 
the  rib  0  ^  does  not  reach  to  the  center  o. 

Now  with  (J  as  a  center  and  the  radii  og',  oh',  and  ox, 
describe  the  arcs^'i,  A' 2,  and  xS,  which  will  measure  the 
lengths  of  each  side  of  these  jack-ribs  on  the  diagonal  vAiob. 
The  lines  ll,  2  m,  and  3n  perpendicular  to  o^  will  cut  the 
Tihbeuy  to  the  required  lengths  for  the  jack-rafters;  culk 
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will  be  the   pattern  for  four  of  the   jack-ribs   eg",  oa',  og, 
and  01/,  the  cheek  cuts  being  determined  as  just  explained,  and 
eunp  will  be  the  pattern  for  the  other  jack-ribs,  the  plumb- 
cut  of  which,  where  they  join  the  arch  ribs  cedy  cfb,  etc., 
will  be  the  line  pn  on  one  side  of  the  rib,  and  the  line  rtn 
00  the  other  side,  while  a  line  drawn  on  the  lop  or  bottom 
of  the  rib  joining  the  ends  of  the 
plumb-cut  lines  will  mark  the  cheek 
cut,  or  bevel. 

37.  In  lathing  the  ribs  of  the 
passages,  ordinary  wooden  lath  maj 
be  used,  but  the  pendentives  and 
dome  must  have  metallic  lath  so 
that  they  may  be  smoothly  finished 
in  plaster. 

38.  Niches. — Vaulted,  groined, 
and  domed  passages,  such  as  those 
just  described,  seldom  occur  except 
in  monumental  work,  in  which  tase 
the  side  walls  of  the  passages  are 
often  broken  by  niches  for  the  recep- 
tion of  pieces  of  statiiary,  vases, 
etc.  Fig.  26  shows  the  construc- 
tion of  such  a  niche.  The  plan  (a) 
shows  the  base  ac  b,  which  is  com- 
posed of  li-inch  plank.  Halved 
into  the  front  edge  of  this  base  are 
the  two  studs  a  and  by  shown  in 
the  elevation  (i)at  a' and  i',  extend- 
ing from  the  base  to  the  head-piece  *, 

to  which  they  are  nailed.  The  studs  n,  o,  p,  etc.  extend  from 
the  base  to  the  plate  I,  on  which  rest  the  curved  ribs  n',  &,i^, 
giving  the  head  of  the  niche  a  semidomicai  form.  The 
front  is  closed  by  two  quarter-circle  ribs  ir/^- let  in  and  nailed 
to  the  studs  a'  and  1^.  Bridging,  or  stiffeners,  s  are  inserted 
between  the  ribs,  and  the  whole  is  then  lathed  with  wire  or 
other  metallic  lath. 
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BRIDGEWATS 

89.  A  problem  that  sometimes  confronts  a  desisrner  is  a 
covered  elevated  passage,  or  bridgeway,  connecting 
adjacent  buildings.  The  treatment  of  its  structural  features 
should  be  in  harmony  with  that  employed  in  the  building 
proper. 

The  bridgeway  shown  in  Fig.  27  connects  the  Administra- 
tion Buildings  of  the  International  Correspondence  Schools, 
Scranton,  Pa.  To  relieve  a  horizontal  beam  line  and  the 
angularity  at  the  wall  connections,  an  arch  rib  is  placed  on  each 
side,  thus  giving  a  pleasing  outline  to  the  sofRt  of  the  bridge. 
Corbeled  springing  blocks  receive  the  end  bearings  of  the 
arches  and  soften  .the  appearance  of  an  angle  that  would 
otherwise  be  disagreeable.  These  arches  are  kept  well  back 
of  the  lines  of  the  bridge  walls,  and  furnish  an  excellent 
opportunity  to  use  a  corbeled  table  as  the  base  for  the  wall 
support — a  characteristic  of  both  buildings.  This  was 
effected  by  placing  beams  at  right  angles  to  the  arches.  These 
beams  are  3  in.  X  6  in.  in  section  and  have  molded  ends.  As 
the  floor  is  required  to  sustain  heavy  moving  loads,  the 
arches  were  designed  and  constructed  with  reference  to 
architectural  effect  only. 

40.  Steel  beams  c,  Fig.  28, 15  inches  in  height,  are  used  to 
span  the  space  between  the  buildings,  and  carry  the  weight 
of  the  superstructure.  The  walls  are  framed  with  sills  d, 
caps  e,  and  2"  X  6"  studding.  The  roof  is  framed  with  rafters  / 
and  ties  g,  and  is  covered  with  narrow  matched  sheathing 
li  inches  thick.  The  cornice  is  cased,  as  at  k,  while  at  i  is 
a  collar,  or  architrave  mold.  In  an  exposed  situation,  such 
a  member  should  be  tongued  into  the  fascia  to  prevent  water 
from  lodging  behind  it.  A  framed  and  paneled  breast  k  is 
placed  between  the  sill-course  /  and  the  cap  of  the  corbeled 
table,  the  upper  rail  being  tongued  into  the  window  sill. 
The  panels  are  made  of  i-inch  narrow  matched  lining  put 
together  with  white-lead  joints,  the  framing  being  If  inches 
thick  and  the  lower  rail  beveled  to  shed  the  water.     Nailing 
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cleats  m  are  spiked  to  the 
3-iDcb  plank  floor;  to  these 
are  nailed  the  bangers  o, 
which  serve  both  as  sup- 
ports and  as  blocking  for 
the  arch  casin^^s.  Light 
ceiling  joists  are  nailed  to 
the  hangers  for  the  attach- 
ment of  the  ceiling  lining/ 
and  soffit  9.  The  lining  is 
matched  and  beaded  be- 
tween the  arches,  and  runs 
parallel  thereto.  The  sof- 
fit g  is  one  board,  which, 
being  devoid  of  longitudi- 
nal lines,  renders  the  corbel 
lines  more  prominent. 

41.  The  interior  walls 
and  ceiling  are  lined  with 
J-inch  narrow  matched- 
and-beaded  material  v,  the 
ceiling  lining  being  fixed 
to  longitudinal  furring 
strips  u.  The  bead  lines 
on  walls  and  ceiling  are 
made  to  run  in  line.  The 
wall  lining  is  cut  to  finish 
on  the  jamb  lines  of  the  win- 
dow frames,  the  openings 
being  finished  with  a  l-inch 
molded  sash  stop,  as  shown. 
This  treatment  is  lighter 
and  simpler  than  that 
usually  followed  where  a 
casing  is  planted  on  the  sur- 
face of  the  lining.  A  con- 
tinuous base  w,  le  inches 
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thidc,  is  placed  at  the  floor,  and  the  upper  edge  is  beveled  to 
receive  the  end  of  the  vertical  lining.  By  this  arrangement, 
the  beaded  joints  can  be  kept  clean — a  result  that  cannot  be 
attained  when  the  lining  is  run  down  to  the  floor.  Another 
objection  to  extending  wall  lining  to  the  floor  is  that,  when  the 
floor  is  washed,  more  or  less  of  the  water  is  absorbed  by  the 
end  wood,  causing  it  to  rot.  The  plank  flooring,  being  run 
at  right  angles  to  the  steel  beams,  is  spiked  to  a  plank  bolted 
to  these  beams,  while  the  finished  flooring  is  laid  diagonally, 
thus  securing  the  greatest  strength  from  the  material 
employed.  Quartered,  or  rift,  flooring  is  used,  so  that  under 
the  wear  of  truck  wheels  the  fibers  will  not  curl  up  and  stiver. 

42.  The  roof  sheathing  is  overlaid  with  heavy  felt  an<l 
is  covered  with  terra-cotta  shingle  tile,  the  lap-jointed  ridges 
being  set  in  slater's  elastic  cement.  A  flat  gutter  i  inch 
deep  and  4  inches  wide  is  formed  at  the  wall  junctions,  in 
order  to  avoid  tilting  the  edges  of  the  tiles.  The  gutter 
flashing  of  6-pound  lead  passes  up  4  inches  on  the  face  of 
the  wall  and  is  beaded  and  inserted  1  inch  into  a  raglet,  or 
groove,  left  in  the  joint  between  the  lower  brick  tilling  and 
the  upper  stone  ashlar. 

STORE  FRONTS 

43.  It  frequently  happens  that  a  dwelling  situated  in  the 
business  part  of  a  town  has  to  be  altered  so  that  the  first 
floor  can  be  used  for  business  purposes.  In  Fig.  29  (a)  is 
shown  an  elevation  of  the  first  story  of  a  brick  dwelling  of 
the  Colonial  style  changed  so  that  it  can  be  used  as  a  bank. 
At  (b)  is  shown  the  plan,  which  is  self-explanatory,  the  space 
inside  the  window  can  be  utilized  for  the  cashier's  office. 

This  is  a  wooden  store  front,  such  as  would  be  built  in  a 
village  or  small  town  where  wooden  construction  is  allowable, 
or  in  a  city,  outside  of  the  fire  limits.  The  general  scheme 
is  Colonial  to  conform  with  the  rest  of  the  building.  The 
cornice  is  simple,  but  carefully  studied  in  outline  and  propor- 
tion; it  is  enriched  with  a  dentil  course  and  plain,  circular 
rosettes  over  each  column. 
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44.  The  shafts  of  the  columos  are  built  up,  as  shown 
in  Fig.  30,  with  staves  tongued  and  grooved  together  by 
machinerj.  This  method  furnishes  a  very  rigid  and  durable 
shaft,  and,  if  well  executed,  win  always  remain  free  of  checks 
and  be  true  to  line.  The  columns  are  designed  in  the  Ionic 
order,  with  carved  white-pine  caps.  The  base,  or  pedestal 
course,  as  shown  in  Fig.  29,  is  of  white  enameled  brick  and 
terra  cotta.     The  woodwork  of  the  exterior  is  painted  white. 

The  gla&s  is  all  plate,  and  the 
sashes  are  stationary,  with  the  excep- 
tion of  the  transoms  of  the  front. 
These  are  hinged  at  the  bottom, 
and  are  controlled  by  a  sash  lift 
placed  on  the  inside  face  of  one  of 
the  adjoining  mullions.  The  floor 
of  the  entrance  may  be  paved  with 
mosaic  tile.  It  will  be  noticed  that 
all  the  work  below  the  sills  of  the 
windows   is   of  such  material  that  ''"*■  ** 

it  may  be  scrubbed  and  cleaned  thoroughly  without  detri- 
ment  to  the  woodwork. 

The  entrance  is  lighted  by  an  old  Colonial  wrought-iron 
hanging  Ump.  This  lamp  is  used  more  for  effect  than  for 
practical  lighting  purposes,  however.  The  interior  wood- 
work of  the  bank  may  be  of  mahogany,  with  nickeled  hard- 
ware and  lighting  fixtures.  The  soflRt  of  the  porch  may  be 
finished  with  matched  ceiling  or  be  paneled,  as  Sesired. 

45.  Figs.  31  and  32  show  store  fronts  that  may  be  con- 
structed of  wood,  cast  iron,  sheet  copper,  or  galvanized  iron. 
In  these  fronts,  it  will  be  noticed  that  the  height  of  the 
show-window  floors  from  the  sidewalk  is  much  less  than  in 
the  bank  front  shown  in  Fig.  29.  The  height  should  be 
about  18  inches  for  store  fronts. 

The  transoms  may  be  of  leaded  glass,  as  shown  in  Fig.  31, 
of  prism  glass,  as  shown  in  Fig.  32,  or  of  clear  plate  glass, 
the  same  as  the  large  windows.  Prism  glass  should  be  used 
where  the  light  is  not  good  and  needs  improving.    As  shown 
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glass  are  joined  by  tnullioos. 
[nullioDs  are  not  required  for 
e  glass  is  butted  together  and 
Fig.  32.  This  presents  a  very 
an  unobstructed  view  of  the 
ill  points. 


L  SHINGLING 

I  both  on  the  sides  and  on  the 

s  they  may  be  arranged  in  a 

while  on  the  sides  they  may  be 

a  bands,   or  rows.     They  are 

!  as  the  triangular  portions  of 

e  termed  gables,  to  the  small 

and  porches,  and  in  filling  in 

spandrels    and   panels. 

Structural   features  such 

as  posts,  beams,  and 

brackets  should  never  be 

reproduced  in  shingling. 

An  example  of  treating 

the  shingles  over  the  head 

of  a  semicircular  opening 

is  shown  in  Fig.  33,  which 

shows    a   small   window 

with    splayed   sides   and 

ies  of  voussoirs  in  arch  effect. 

i.  portion  of  the  side  elevation 
lave  for  its  chief  feature  a  cov- 
shingles.  The  porch  shows  a 
cut  shingles  of  the  geometric 

design.  The  rails,  pedestals, 
tmcturally,  while  the  shingled 
L  will  be  observed  that  the  col- 
■  shingles.     This  arrangement, 

does  not   give  a  feeling  of 
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stability,  while  in  the  example  shown  the  roof  and  cornice  have 
their  supports  clearly  defined  from  the  biick  foundation  np. 

To  cut  and  lay  the  bal- 
ustrade shingles,  select 
two  widths,  one  2  inches 
and  the  other  4  inches. 
Take  the  4-inch  shingle, 
lay  oflE  on  each  lower  cor- 
ner an  angle  of  45°,  meas- 
ured either  up  the  side  or 
across  the  butt  1  inch 
from  the  comer,  and  saw 
off  these  comers.  When 
the  required  number  of 
shingles  has  been  cut, 
take  square-butt  shingles 
and  start  with  them,  lay- 
ing the  first  row  along 
the  length  of  the  rail. 
Measure  up  1  inch,  and  at 
this  height  above  the  rail 
lay  a  2-inch  shingle  in  the 
lower  left-hand  corner, 
and  next  to  it  lav  a  4-iach 
cnt  shingle.  Start  the 
second  row  with  three- 
quarters  of  a  4-inch 
shingle,  and  continue 
nntil  completed. 

48.  The  first-story 
walls,  as  shown  at  i,  are 

10  produce  slightly  wavy   ]|j|i;|i||iiji{liiiil[l^;|[ 

lines,    and    so    arranged 

that  they  come  in  courses  ^°'  ** 

of  two   wide  ones   followed   by  three  narrow  ones.     This 

arrangement  in  no  way  suggests  the  coursing  of  stone,  but 
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still  gives  length  and  scale  to  the  house,  and  is  sufficiently 
plain  not  to  detract  from  the  upper-story  treatment. 

To  lay  the  first-story  shingles,  make  a  templet  out  of  any 
convenient  thin  piece  of  wood  3  feet  long  and  8  inches  wide. 
Measure  up  4  inches  from  the  side  of  the  board  at  each  end, 
representing  the  depth  of  the  gauge,  and  from  these  points 
draw  the  curve  freehand,  lettiag  the  center  of  the  full  part 
of  the  curve  just  touch  the  side  of  the  board  at  the  center. 
When  the  desired  curve  is  found,  take  a  spline  and  draw  in 
the  finished  curve.  Cut  the  templet  out  on  this  line,  and  cut 
all  the  shingles  from  it. 

For  a  starting  course,  lay  a  row  of  plain-butt  shingles 
from  end  to  end  of  the  surface  to  be  covered.  Then  take 
the  chalk  line,  and  in  the  usual  manner  snap  off  the  gauge 
line;  lay  the  first  shin- 
gle of  the  waved  line 
with  the  shortest  side 
against  the  corner 
board  and  just  touching 
the  gauge  line.  Now 
set  the  center  shingle 
with  its  butt  flush  with 
the  plain  butt,  or  4 
inches  below  the  first 
shingle  of  the  wave, 
and  fill  in  with  the 
others;  this  will  insure 
a  uniform  job. 

49.     The   second 

story  may  be   finished 

either  as  shown  at  c  or 

as  shown  at  d.  Pig.  34. 

The  belt  course  e  may 

Fio.  Bs  be  of  the  same  pattern 

as   the  closed   balustrade   of   the   porch.     The  butts  /  are 

finished   "saw  tooth."  which   allows  the  water   to  drip  off 

quickly,  and  at   the   same  time  gives  a  neat   finish.     The 
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""spcr  effect  c  is   produced   in  every  eighth   course  alter- 

''ately,  makins  a  very  neat  iinish  for  a  shingle  house,  while 

^^  pattern  is  large  enough  to  give  it  character.     The  shin- 

C'es  are  placed  in  much  the  same  manner  as  in  common 

'*''k  and  are  laid  4  inches  to  the  weather.     There  are  four 

f'^'terns  necessary,  a,  b,  c,  and  d.  Fig.  35 — a  for  a  starter, 

**^''  a  finisher,  and  c  and  d  for  starters  and  finishers,  as  well 

*or  the  shingles  forming  the  sides  of  the  diaper. 

■*  o  lay  the  side  c.  Fig.  34,  start  with  a  course  of  square- 

"^It  shingles.     Next  lay  a  saw-tooth  course  with  the  points 

flush  with  the  first  course;  over  these,  at  the  usual  gauge, 

^ay  another  square-butt  course.      Against  the  comer  board 

at  the  left,  place  a  shingle  c.  Fig.  35,  with  the  point  flush 

with  the  butt  of  the  last  square-butt  course.     Next  to  it  lay 

two  square-butt  shingles,  even  with  the  right-hand  comer 

•^f  e;  then   lay  another  c  reversed,  and  complete  the  row. 

which  will  appear  as  at  e.  Fig.  35. 

Lay  half  of  a  square-butt  shingle  against  the  comer  board, 
^'tb  the  butt  flush  with  the  two  square  butts  in  the  row  just 
™d;  set  a  c  against  it,  then  a  square  butt,  then  a  c  reversed, 
^d  next  a  square  butt.  This  row  will  appear  as  at/.  Then 
'*yone  square  butt  against  the  corner  board;  next  to  it  lay 
*  ^>  then  a  c  reversed,  and  then  a  square  butt,  which  will 
^PPear    as  at  g.  Fig.  35.     Next  lay  a  half  square  butt  against 


•former  board,  next  to  it  a  whole  square  butt,  and  against 
'"«  a  0nisher  b,  which  will  appear  as  at  A.  Now  lay  a 
»ors^  Qf  square  butts  through  from  end  to  end.  Start 
*l^3tt  course  with  a  half  square  butt,  then  a  whole  one, 
'i^xt  to  it  the  diaper  starter  a,  as  at  ('.  In  the  next 
"^^^  *  ^^^'^  ""''''  ^  whole  square  butt,  next  to  it  a  d, 
*     ^  rf  reversed,   and   then    a   square   butt,   as   at  j.     In 

*  **^xt  course,  start  with  a  half   square  butt,  then  a  d, 
*"*     *::>ne  square  butt,  and  next  a  d  reversed,  as  at  k.     In 

*  ^^xl   course,   start   with   a   d,    next   to   it   two   square 
.    ^^     and  then  a  d  reversed,  as  shown  at  /.     Start  a  con- 

'^'*^s  square-butt  course  and  continue  the  nest  diaper, 
*'""*it»g  as  in  the  first  case.  The  completed  work  will 
«^«^r  as   at   m. 
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hingles  on  the  dormer  are  all 
ed  no  description. 

;veral  methods  of  layiae  cut 
uare  butts.  The  latter  is  a 
'.  laying  shingles;  besides,  it 

has  the  advanta{;es  of 
^  making  them    last 

longer  and  taking  less 

Xto  cover  a  given  sur- 
face. 

FIiAOSTAFFS 

51.     Strange   as    it 
may  seem,  it  is  as  nec- 
essary to  profile  a  flag- 
staff carefully  as  it  is  to 
profile  an  architectural 
column.    The  curve 
Ay/     of  the  shaft  of  a  col- 
yV     umn  is  called  the  ea- 
\y     tasls,  and  the  method 
yA.     of  profiling  this  curve 
^y     is  also   of    service   to 
the  flagstaff  designer. 
Two    converging 
straight   lines   in    any 
elevated  structure  have 
always  the  appearance 
of  concave  ones,  giving 
a  weakened   effect    to 
the  outline  o£  the  mass. 
im   30  to  60  feet  above  the 
allowing  rule  has  been  found 
to  give  satisfactory  dimensions: 

Rule. — The  diameter,  at  the  base  of  a  flagstaff,  where  it 
passes    through    the   roof,  should  be   about  one-fiftieth   of  the 
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diameter  ai  the  apex  should  be  egual  to  mte-kali 
of  the  lower  diameter. 

For  example,  if  a  flagstaff  is  to  be 
41  feet  8  inches,  or  500  inches,  in  length, 
its  diameter  should  be  one-fiftieth  of  this 
amount,  or  10  inches,  while  its  diameter 
at  the  apex  should  be  5  inches.  The  diam- 
eter at  the  base  and  the  apex  having  been 
determined,  it  will  then  be  necessary  to 
profile  the  shaft  by  some  accepted  rule. 

The  method  followed  by  a  veteran  mast 
maker  is  as  follows:  ^lake  the  upper  diam- 
eter equal  to  one-half  of  the  lower. 

Draw  a  center  line  a  d  through  the  shaft, 
as  shown  in  Pig.  37.  Divide  f</,  the  lower 
semidiameter,  as  follows:  Prom  d  mark 
a  point  equal  to  one-fourth  of  the  lower 
diameter,  as  de.  Divide  the  remaining 
distance  e  c  into  two  equal  parts,  as  at  /,  and 
divide  the  distance  f  /  into  two  equal  parts, 
as  at  i".  and  the  distance  eg  into  two  equal 
parts,  as  at  h.  Divide  the  rertical  height 
of  the  shaft  into  four  equal  parts  by 
horizontal  lines;  transfer  the  distance  de 
to  rf,tf,,  dl  to  rf,/,,  dg  to  dtgi,  and  dh 
■  to  dihi.  Then,  through  the  points  marked 
will  pass  the  curve  of  the  entasis. 

52.  In  Fig.  38  are  shown  the  metallic 
finial  at  the  top  of  the  shaft  and  the  flash- 
ing to  make  the  pole  water-tight  where  it 
passes  through  the  roof  of  a  cupola.  These 
parts  are  drawn  to  an  enlarged  scale,  such 
as  would  occur  in  the  working  drawings. 
The  ball  a,  in  (a)  is  10  inches  in  diameter, 
of  soft-rolled  copper,  spun  down  to  about 
18  ounces  per  superficial  foot,  and  is 
sweated   to  the   socket   b.    The  stem  c 
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is  a  bronze  tube  H  inches  in  diameter,  while  the  cap  d  is  of 
cast  bronze.     The  stem  c  is  threaded,  and  passes  into  the 
socket  d  and  cap  d,  as  shown  in  (c).     The  cover  t  protects 
the  tipper  end  of  the  pole  and  prevents  water  from  passing 
iDto  the  fiber  tubes.     The  flange  /,  being  tightly  fitted  to  the 
pole,  keeps  the  stem  of 
the  finial   in   a  vertical 
position,    while   heavy 
brass  screws  attach  the 
lower   flange  ^  to   the 
pole.    An   eyebolt  A  is 
secured  to  the  cap,  and 
is  firmly  held  in  position 
with  a  nut  and  lock-nut. ' 
The  end  of  the  eyebolt 
is  also  riveted  in  place. 
From    the    eyebolt   is 
suspended    a    brass   or 
lijrnum-vitse  block,  hav- 
ing a  3-inch  brass  pulley 
and  pin. 

The  pulley  block  is 
attached  to  the  eyebolt 
with  a  detachable  link,  as 
shown  in  Fig.  39.  This 
link  is  rigidlyclasped  by 
a  bronze  bolt  to  the  eye- 
bolt  A,  Fig.  38  (<r),  and 
the  link,  being  set  at  an 
angle,  prevents  the  pul- 
ley block  from  swinging 
and  chafing  the  flagstaff.  ''"''  ^ 

In  Pig.  38  (li)  is  shown  a  half  section  of  the  apex  of  the 
dome  of  the  cupola,  through  which  the  flagstaff  passes.  At  /' 
is  a  capped  flashing  of  8-pound  lead,  arranged  in  such  a 
manner  that  the  pole  may  sway  without  straining  the  con- 
nection. The  bed  mold,  frieze,  and  collar  band,  as  at  j,k, 
and  6,  respectively,  are  of  cold-rolled  copper,  as  are  also  the 
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roll  caps  of  the  dome.  The  panels  of  the  dome  between  the 
rolls  are  of  soft-rolled  copper,  which  is  sufficiently  flexible 
to  obtain  the  desired  curvature. 

In  Fig.  38  {(/)  is  shown  a  half  plan  and  section  of  a  cast- 
iron  socket  plate,  in  which  rests  the  base  of  the  flagstaff. 
In  order  that  any  sap  precipitated  from  the  body  of  the  pole 
may  not  be  confined  in  the  socket,  causing  fermentation  and 
subsequent  decay  of  the  wood,  a  hole  is  formed  in  the  plate, 
and  1-inch  vertical  and  transverse  holes,  as  at  m,  m,  are  bored 
through  the  beam   on  which  rests  the  flagstaff. 

53.  Flagstaffs  may  be  constructed  of  spruce,  Norway  or 
Michigan  pine,  Georgia  pine,  or  Oregon  pine.  The  latter  is 
considered  to  be  preferable,  and,  where  the  entire  sapwood 
is  removed  by  cutting  the  flagstaff  out  of  the  heart  of  a 
large  trunk,  a  durable  pole  is  obtained.  The  pole  should  be 
painted  with  at  least  four  coats  of  geniune  white  lead.  The 
ball  of  the  finial  should  be  prepared  with  oil  size  and  then 
gilded  with  XXXX  gold  leaf. 

Halyards  should  be  at  least  i  inch  in  diameter,  and  be  of 
waterproof,  braided  cotton  or,  preferably,  Italian  hemp. 

The  appearance  of  the  flagstaff  made  according  to  the 
drawings  shown  in  Figs.  37  and  38  is  shown  in  Fig.  40. 


FRAMING    A    HAY    BARN 

54.  In  the  construction  of  gambrel-roof  hay  bams,  where 
it  is  desired  to  leave  a  wide  central  space  so  that  the  rack 
wagon  may  be  drawn  into  the  barn  and  unloaded,  or  loaded 
from  the  mow  on  each  side,  the  following  two  systems  of 
framing  will  be  found  to  meet  the  requirements  in  bams 
about  34  feet  in  width.  The  gambrel  form  of  roof  is  used 
lo  gain  a  large  interior  area. 

55.  In  Fig.  41,  bents  d,g,{  are  set  on  the  sill  k;  these 
bents  support  the  plates  at  g  and  b.  The  floor  joists  are 
spiked  CO  the  toe  of  the  bent  at  h,  and  as  these  joists  reach 
across  the  building,  they  effectively  tie  the  toes  together. 
Considering  the  frame  formed  by  the  pieces  c,d,e,l,g  as 
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hinged  at  6  and  h,  it  is  evident  that  the  thrust  6,  caused  by 
the  rafters  t,  i  tending  to  straighten  out  under  the  vertical 
load,  will  revolve  and  cause  the  frame  or  members  c,  d,  e,  t,g, 
to  turn  outwards  about  the  point  k.  This  frame  must  there- 
fore be  held  in  position;  and  to  do  this,  the  brace  /  must  be 


introduced.  The  force  in  this  brace  will  be  tensile,  which 
will  exert  an  upward  pull  on  the  joist  k.  This  force  will  tend 
to  produce  bending  in  the  joist;  but  the  weight  of  the  flooring 
and  load  will  more  than  counteract  this  tendency,  as  will 
also  the  weight  of  the  roof  on  the  rafters  c. 

56.  Another  and  more  stable  form  of  construction  is 
shown  in  Fig.  42.  Here,  a  post  b  stands  vertically  and 
directly  supports  the  plate  d,  on  which  rest  the  rafters  e. 
The  bents  are  tied  and  braced,  as  shown,  and  are  also  held 
together  by  the  floor  joists.  The  bents  are  six  in  number, 
including  the  end  ones,  and  are  spaced  about  14  feet  5  inches 
apart  from  center  to  center. 

The  gable  ends  can  be  constructed  as  shown  in  Fig.  43  or 
with  a  tie  or  collar  beam,  in  which  case  the  construction 
shown  in  Fig.  4'2  need  not  be  followed  at  these  points.  The 
sills  are  continuous  the  full  length  of  the  building,  and  in 
addition  to  supporting  the  upright  posts  of  the  bents,  they 
form  a  bearing  for  the  floor  joists.     The  ends  of  the  rafters 
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shown  in  Fig-  42  are  notched  and  fitted  to  the  upper  and 
lower  roof  plates,  thus  making  the  work  secure  at  these 
PUces  and  eliminating  all  danger  of  the  rafters  slipping  or 
pushing  outwards  under  direct  compressive  stress.  The 
^ies  of  the  rafters  c,  c  should  be  somewhat  above  the  edge  d 
of  the  plate,  so  that,  should  the  rafters  shrink  considerably, 


(he 
the 


sheathing  will  still  have  a  bearing  on  them  and  not  on 
idge  d  of  the  plate.     Longitudinal  bracing   should  be 


II  th 


^*^<3uced  to'  stiffen   the  frame,  as  shown  at  a, a.   Fig. 


sides  of  the  barn  are  shingled  or  weather-boarded,  these 
i  can    be   i 
ling  diagoi 

Construction. 


*^^s  can    be   done   away    with   entirely   by   runn^.j;    i..v 
*^^thing  diagonally,  thus  adopting  the  balloon-frame  type 
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^^^    1              LATTICE  BRACING 

57.     Fig.  44   shows  in 

detail  a  system  of  trussing:, 
or  bracing,  the  rafters  in 
—  conjunction  with  the  ceiling 

joists  for  a  roof  having  a 
long  span  and  a  low  pitch. 
The  rafters  and  joists  are 
^  to  be  2  in.  X  8  tn.  and  of  a 

€  good  quality  of  spruce  or 

'*  hemlock.     The    lattice 

J  braces  are  composed  of 

^  1"  X  8"  spruce,    and    are 

placed  in  pairs,  one  on 
each  side  of  the  main  mem- 
bers, to  which  they  are 
spiked.    The    spiking,   or 

V  nailing,  should  be  well 
<  done,  especially  in  the  lat- 
4  tice  members  near  the  sup- 
>  ports  of  the  rafters,  as  the 
^  greatest  stress  is  on  these 
I                                                    members.    It  will  be  neces- 

V  sary  to  splice  the  tie-mem- 
^  ber  at  the  center  of  the 
*  span,  as  difficulty  may  be 
1  experienced  in  obtaining  a 

2"  X  8"  piece  of  sufficient 
length.  For  securing  the 
splice,  two  fish-plates  of 
1"  X  8"  spruce  are  used; 
these  are  well  spiked  on 
each  side  of  the  2"  X  8" 
ceiling  joists.  Two  iron 
dogs,  well  driven  in,  should 
be  used  to  further  secure 
the  splice.   The  roof  should 
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be  covered  with  li"  X  6"  ton gued- and- grooved  surfaced 
spruce  and  a  layer  of  felt,  on  which  the  tin  is  laid.  The 
furring  strips  for  the  lath  and  plaster  of  the  ceiling  should 
be  placed  at  16  inches  on  centers.  All  the  necessary  details  of 
construction  are  shown  in  the  figure,  so  that  further  explana- 
tion is  not  required. 

HALF-TIUBER    WORK 

58.  Figs.  45,  46,  and  47  illustrate  a  very  picturesque 
method  of  wall  construction,  called  lialf-timber  work. 

This  method  was  very  popular  throughout  medieval  Europe 
and  many  beautiful  and  interesting  structures  of  this  type 
are  still  extant,  and  attest  the  skill  and  taste  of  our  worthy 
ancestors.  These  illustrations  give  three  different  views 
of  the  Leicester  Hospital,  at  Warwick,  England,  endowed 
by  the  Earl  of  Leicester,  a  favorite  of  Queen  Elizabeth, 
as  a  home  for  venerable  English  veterans.  This  is 
probably  as  good  an  example  of  old  half-timber  work  as 
can  be  found. 

In  this  work,  the  timber  of  the  exterior  walls  was  struc- 
tural, as  in  barn-framing,  and  of  course  ran  clear  through  the 
wall,  the  spaces  between  the  timbers  being  filled  with  brick, 
on  the  outer  surface  of  which  was  placed  one  or  more  coats 
of  plaster,  finished  smooth  or  rough-cast.  The  inner  surface 
was  lathed  and  plastered  in  the  usual  way. 

Fig.  48  shows  a  design  for  a  modest  little  cottage,  typical 
of  the  earlier  work,  but  constructed  on  a  cheaper  scale.  The 
first  story  is  constructed  with  common  brick  covered  with 
a  coat  of  plaster  having  a  "slap-dash"  or  rough-cast  finish 
coat.  The  upper-story  walls  are  formed  with  the  usual 
balloon  framing  and  sheathing  and  the  lines  of  the  old  style 
framing  are  imitated  by  attaching  casings  to  the  wall  sheath- 
ing and  finishing  the  panels  with  plaster  applied  to  wood  or 
metal  lathing. 

59.  In  Figs.  49  and  50  are  shown  details  of  two  methods 
of  constructing  the  half-timber  work  over  the  porch.  Prob- 
ably that  shown  in  Fig.  49  (here  the  first  or  first  two  coats 
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are  placed  before  the  battens  are  fastened,  followed  by  the 
last  coat)  would  be  the  tighter,  as  the  openine  of  the  joint 
between  the  plaster  and  the  timber  is  less  liable  to  result  in 
the  penetration  of  water  into  the  wall  behind  than  in  the 


construction  shown  in  Fig.  50.  If  it  is  possible  to  delay  the 
work  to  such  an  extent,  this  timber  work,  after  being  put  in 
place,  should  be  allowed  to  stand  for  several  months  before 
the  plaster  is  applied.  By  doin^f  this,  the  greater  part  of  the 
shrinkage  in  the  half-timber  work  will  have  taken  place  by 
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the  time  the  plastering  is  done,  and  the  opening  of  the  joint 
will  be  reduced  to  a  minimum.     An  addition  to  the  cement 
mortar  of  a  proportion  of  lime  putty  will   make  it  more 
plastic  and  elastic. 
When  metal  lathing  is  used,  a  waterproof  coating  should 


be  applied  to  the  plaster  to  prevent  the  corrosion  of  the 
metal  caused  by  the  penetration  of  rainwater. 

The  woods  suitable  for  this  kind  of  work  are  oak,  cypress, 
yellow  pine,  and  chestnut. 
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60.  Fig.  51  shows  the  general  construction  of  the  work 
over  the  porch.  The  brackets  e  are  housed  into  the  posts. 
The  beam  A  carries  the  floor  joists  and  frame  wall;  a  is  the 
sheathing,  to  which  the  furring  strips  b  are  attached,  and  t,  c 
the  battens  or  casings.  The  barge  board  of  the  gable  is 
shown  in  Fig.  52 — in  elevation  at  {a)  and  in  section  at  ib). 


FlO,  51 

In  this  case,  the  ornament  is  carved  out  of  white  pine,  bedded 
in  thick,  white-lead  paint,  and  nailed  to  the  face  of  the  barge 
board.  In  many  cases  a  pattern  is  formed  by  piercing  this 
board  instead  of  applying  the  ornament  'as  in  this  instance. 
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MECHANICS  OF  CARPENTRY 

POSTS,  BEAMS,  AND  JOISTS 

STRENGTH  OF  POSTS 

1.  liOng  and  Short  Posts. — Posts  are  divided  into  two 
classes — long  posts  and  skori  posts.  A  loog  post  is  one 
having  a  length  greater  than  ten  times  the  least  thickness 
of  its  cross- sect  ion;  or,  in  other  words,  a  post  10  inches 
square,  or  10  inches  in  diameter,  or  10  in.  X  12  in.,  as  the 
case  may  be,  and  101  inches  in  length,  is  a  long  post, 
because  its  length  (101  inches)  is  greater  than  ten  times  the 
least  thickness  of  its  cross -section;  that  is,  greater  than 
10  X  10  =  100  inches.  A  short  post  is  one  having  a 
length  less  than  ten  times  the  least  thickness  of  its  cross- 
section.  An  8"  X  10"  post,  6  feet  long,  is  a  short  post, 
because  its  length  (6  X  12  =  72  inches)  is  less  than  ten 
times  the  least  diameter  of  its  cross- sect  ion;  that  is,  less 
than  10  X  8  =  80  inches. 

2.  Sate  iHiadtne  of  Short  Posts. — The  safe  working 
load  of  a  short  post  is  found  hy  multiplying  the  area  of  the 
section  by  the  safe  compressive  strength  per  square  inch, 
which  is  given  in  Table  I.  This  result  is  not  the  load  that 
will  break  the  post,  but  the  safe  load;  that  is,  the  load  thart 
the  post  can  be  designed  to  withstand  in  a  building.  It  will 
be  noticed  in  Table  I  that  the  varieties  of  woods  have 
different  strengths  when  used  as  posts. 
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Example  1. — What  safe  load  nill  a  Georgia  yellaw-p<ne  post  cany 
that  ia4  ia.  X6  in.  and 3  feet  loag? 

Solution.— The  area  of  the  post  is  4  in.  X  6  in  =  24  sq.  in.  Refer- 
ring to  Table  I,  it  will  t>e  found  that  the  safe  strength  per  square  inch 
for  Southern  long-leaved,  or  Georgia,  yellow  pine  is  1,000  lb.  There- 
tore.  24  X  1.000  =  24,000  lb.,  which  is  the  safe  working  load  that  the 
post  will  carry.  If  a  heavier  load  than  this  is  put  on,  the  post  is  liable 
to  break,  white  if  a  lighter  load  is  employed,  the  post  is 'stronger  than 
necessary.    Ads. 

Example  2.— Suppose  that  the  foregoing  post  is  made  of  hemlock 
instead  of  Georgia  yellow  pine;  how  much  will  it  carry? 

Solution.— The  area  of  the  post  is  the  same  as  before,  namely, 
24  aq.  in.  As  given  in  Table  I.  the  safe  strength  per  square  inch  for 
hemlock  is  800  lb.  Thus,  24  X  SOO  =■  19,200  lb.,  which  is  the  safe  load 
that  the  post  will  carry  it  hemlock  is  used.  It  will  therefore  be  seen 
that,  although  cheaper,  hemlock  is  not  so  good  a  materiat  for  posts  as 
Georgia  yellow  pine.     Ans. 

3.  Sate  ILoadlng  of  Tjou^  Posts. — In  a  long  post,  the 
strength  depends  not  only  on  its  cross-section,  but  also  on 
its  length.  To  find  the  safe  strength  of  a  long  post,  the 
area  of  the  cross-section  is  multiplied  by  the  safe  strength 
per  square  inch  taken  from  Table  I,  as  before,  and  also  by 
the  proper  constant  taken  from  Table  II.  The  constants  in 
Table  II,  it  will  be  noticed,  depend  both  on  the  least  thick- 
ness and  on  the  length  of  the  posts,  both  given  in  inches. 

ExAMPi^. — A  12"  X  14"  white-oak  post  is  IS  feet  long;  what  safe 
load  will  it  carry? 

Solution. — The  length  of  the  post,  in  inches,  is  18  X  12  =  216,  and 
the  area  of  the  post  is  12  X  14  e  168  sq.  in.  From  Table  I.  the  safe 
strength  per  square  inch  for  white  oak  is  900  pounds,  and  the  nearest 
constant  from  Table  II  is  .821.  Therefore,  the  safe  load  that  the  post 
will  carry  is 

168  X  900  X  .821  -  124,135  lb.    Ans. 

4.  Design  of  Posts. — In  designing  a  short  post,  it  is 
simply  necessary  to  divide  the  load  to  be  carried  by  the  safe 
strength  per  square  inch  as  given  in  Table  I,  and  the  quotient 
will  be  the  area  of  the  post  required.  This  method,  how- 
ever, cannot  be  followed  with  long  posts.  For  long  posts, 
it  is  first  necessary  to  assume  a  section,  and  then  see  if  the 

156—38 
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post  is  strong  enough.  If  it  is  not,  a  larger  section  is 
assumed,  and  the  problem  worked  out  again.  If  the  post 
is  strong  enough,  a  smaller  one  is  assumed,  to  see  whether 
a  lighter  post  cannot  be  used  just  as  well. 


BZAHPLES    FOB    PRACTICE 

1.  What  size  white-pine  post  4  feet  long  viU  s 
28,000  pounds?  Aas.  5  In.  X  8  in., 

2.  What  is  the  safe  strength  of  a 


8TBENOTH  OP  BEAMS  ANB  JOISTS 

5.  The  strength  of  a  beam  or  joist  depends  on  its 
dimensions:  the  broader  it  is,  the  stronger;  the  longer  it  is, 
the  weaker.  The  strength  also  varies  directly  as  the  square 
of  the  depth.  The  safe  load  per  foot  of  length  may  be 
ascertained  from  the  following  formula: 

kbd" 

«'  =  "Z^ 

in  which   w  —  safe  load,  in  pounds  per  lineal  foot,  on  beam; 
i  •=  breadth  of  beam,  in  inches; 
d  «  depth  of  beam,  in  inches; 
Z,  =  length  of  span,  in  inches; 
i  ™  a  coefficient  taken  from  Table   I,  to  corre- 
spond with  the  variety  of  wood  used. 
Example. — What  safe  load  per  foot  will  a  beam  cany  that  is  niad« 
of  white  pine  12  feet  long,  6  inches  wide,  and  10  inches  deep? 

SoLimoN.— Here,  i  =.12x  12-  144;  i  ■- 6;  rf=10;  and*=-  10,700. 
Therefore, 

„,      X0.700  X  6  X  10  X  10      ,,.,.    ^^.. 
"^^  144X144  -310  lb.  per  ft. 

"tTie  total  load  that  the  beam  will  safely  carry  when  unifomily  di>> 
tribnted  is  the  load  per  foot  times  the  length  of  the  beam,  or 
310X12  =  3,7201b.    Ans. 

6.  Since  the  load  a  beam  will  carry  depends  directly  on 
its  breadth  and  on  the  square  of  its  depth,  it  follows  that  the 
depth  affects  the  strength  of  a  beam  more  than  the  breadth; 
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l"  stick  will  be  stronger  when  placed  on 
ced  flat.  Thus,  in  designing  a  beam,  it 
best  plan  is  to  make  the  beam  as  narrow 
lossible  to  save  material.  There  is,  how- 
the  economjr  that  may  be  gained  in  this 
her  comes  from  the  mill  in  certain  sizes 
adilj  obtained  in  odd  dimensions.  Also, 
I  is  liable  to  split,  warp,  and  twist  side- 
will  not  break  square  off  as  a  thick  beam, 
aerefore,  must  use  judgment  in  select- 
I  of  the  depth  to  the  breadth  of  the  beam 


is  problem,  the  depth  &ud  the  breadth  of  the 
but  if  either  is  assumed,  the  other  may  be  found, 
lime  a  depth  and  find  Ihe  breadth.  If  the  beam 
e  for  the  assumed  depth,  a  new  and  greater  depth 
E  problem  worked  over  af-aia. 
From  the  problem,  Z.  -  12  x  16  ■•  192;  w  "  400; 

^^  ~  192X192 

400  X  192  X  192  . 

'  "  i6,D00  X  12  X  12  "        '"• 

therefore  be  13  in.  deep  and  6.4  id.  wide.    As 
s  from  the  mill  6.4  in.  wide,  an  8"  X  12"  slick  may 

lad  on  a  beam  is  concentrated  at  the  center, 
used  is  as  follows: 
kbdl 

[e  load  concentrated  at  center  of  beam,  in 

>ounds; 

;adth  of  beam,  in  inches; 

pth  of  beam,  in  inches; 

igth  of  beam,  in  inches; 

Dper  constant  from  Table  I. 


w   =  - 
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EZAUPLB  I. — What  sate  concentrated  load  at  the  center  will  a 
Gpruce  beam  carry  it  it  has  a  span  of  24  feet  and  is  14  ioches  deep  and 
12  inches  broad  P 

SOLtrxiON.  — Her»  *  =  12;  rf  =-  14;  £  =  24  X  12  =  288;  and 
k  -   10,700.     Therefore, 

,        10,700  X  12  X  14  X  14 
'*'    ^  24  X  28i 


-  3MI  lb.    Ads. 


Example  2. — Design  a  red-pine  beam  on  a  lO-foot  span  to  cany  a 
safe  load  of  10,000  pounds  concentrated  at  the  center. 

Solution.— Asanme  d  =  14.    Since  *  =  13,300,  w"  =  10,000,  and 
Z  =  10X12  =  120; 

innnn       13,300  X  ^  X  14  X  14 
lu.wu  -  24  X  120 

10.000  X  24  X  120        ,  . 
"   13,.W0  X  14  X  M   "       '°' 
As  the  nest  commercial  size  Is  12  in.,  the  beam  to  be  used  is 
12  in.  X  14  in.    Ans. 


Therefore, 


BXAHPLB8    FOB    PRACTICB 

1.  What  safe  distributed  load  per  foot  will  a  California  redwood 
beam  carry,  the  beam  having  a  span  of  10  feet  8  inches,  and  being 
10  inches  deep  and  8  inches  broad?  Ans.  240  lb.  per  ft. 

2.  In  the  example  just  given,  what  safe  load  concentrated  at  the 
center  vfIH  the  beam  carry?  Ans.  2,000  lb. 

3.  Design  a  spruce  beam  on  an  11-foot  span  to  carry  a  safe  load  of 
1.500  pounds  per  foot.    Assume  the  beam  to  be  16  inches  deep. 

Ans.  10  in.  X  16  in. 

4.  Design  a  spruce  beam  on  an  11-foot  span  to  carrya  safe  load  o( 
10,000  pounds  concentrated  at  the  center,  the  depth  of  the  beam  beinfc 
16  inches.  Ans.  12  in.  x  16  in. 
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W  o,        JKIngpostB  and  Queeniiosts. — When  wooden  girders 

'  of  great  span  are  heavily  loaded,  it  becomes  necessary  to 

strea s^tihen   them   with   steel   cambered  rods,   as  shown  in 


MECHANICS  OF  CARPENTRY 


GIRDERS 


CAMBERED   GIRDERS 


Fies.  1  and  2,  which  represent  girders  havinz  one  and  two 
intermediate  supports,  respectively.  When  one  intermediate 
support  is  used,  as  in  Fig.  1,  the  support  is  called  a  king- 
post;   aji(]  when  two  intermediate  supports  are  used    as  in 


^^=^;:|__JP^ 


^'  "^t    the  supports  are  called  qneenposts.     The  design  of 
^   *c>t»r  principal  arrangements  of  loads,  etc.  will  now  be  . 
dianiased. 
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9.  Case  I. — The  first  case  is  a  kingpost  girder  with  a 
concentrated  load  IV  over  the  kingpost,  as  shown  in  Fig.  3. 
With,  this  loading,  the  member  DC  is  in  compression,  and  is 
designed  like  a  post;  A  C  and  €"£  are  in  tension;  while  j4  B 
is  in  compression,  and  is  designed  like  two  posts  placed  end 
to  end,  as  AD  and  DB.  In  construction,  AS  is  usnall; 
made  of  wood;  A  C  and  CB,  of  steel  in  the  shape  of  a  round 
rod;  while  Z>  C  is  sometimes  made  of  wood  and  sometimes 
of  cast  iron.  The  safe  allowable  tension  in  the  steel  is 
16,000  pounds  per  square  inch,  and  the  safe  allowable  com- 
pression in  the  cast  iron  is  10,000  pounds  per  square  inch. 

The  stress  in  Z*  C  is  equal  to  the  concentrated  load  W. 
To  find  the  stress  in  AC  qz  B C,  divide  the  length  of  the 
line  -4  C  by  the  length  of  the  line  /?C,  and  then  multiply 
this  result  hy  one-half  of  the  load  W.  To  find  the  stress  in 
the  beam  AB,  divide  the  length  of  the  line  AD  hy  the 


length  of  the  line  D  C,  and  multiply  this  result  by  one-half 
of  the  load  W.  In  designing  a  cambered  girder,  it  is  some- 
times found  that  the  girder  or  the  kingpost  is  a  very  small 
stick  indeed.  Such  small  sizes,  however,  are  seldom  used, 
and  in  a  case  like  this  the  designer  generally  uses  his  own 
judgment  in  selecting  a  larger  size,  which,  besides  being 
strong  enough  to  withstand  the  calculated  load,  will  also 
withstand  any  accidental  load  that  may  be  applied. 

Example. — Design  a  beam  like  the  one  shown  In  Fig.  3,  wtaen- 
W  =  26,000  pounds,  ^  5  =.  30  feet,  A  D  =  \h  feet,  and  Z»  C  =  2  feet. 

Solution.— The  streas  in  /?  C  being  equal  to  W  is  25,000  lb.  The 
allowable  unit  stress,  \i  DC  \%  made  of  cast  iron,  is  10,000  lb.  per 
sq.  in.,  and  if  of  GeorKia  yellow  pine,  1,000  lb.  per  sq,  in.  The  area 
of  D  C,  if  made  of  cast  iron,  is  therefore  25,000  +  10,000  =  2.6  sq.  in., 
while,  if  made  of  yellow  pine,  its  area  is  26,000  +  1,000  >  26  sq.  in. 
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%  gwmeliy,  tbe  leagth  ot  A  C  and  f  C  is  found  to  be  eqnftl  to 
^^is^+Y'  =  16.1327.    Therefore,  the  stress  in  .rff  C  or  *  C  is 
15.13KX»,M0  .  ^  ,„  ,^ 

"■*  the  area  of  A  C  oT  B  C  i%  94.579  +  16.000  =  6.911  sq.  in.    By 
^'erring  to  Table  III,  it  nill  be  found  that  the  smallest  commerc'al 

TABLE  III 

^''A-iilJARD    DIAMETER    OF  TBBBADED    BODS   AND    BOLTS 


"  Boll 

Area  of  Rod 

. 

Area  of  Rod 

Diameter 

or  Bolt  at 

Diameter 

Diameter 

or  Bolt  at 

at  Root 

otRod 

at  Root 

Root  of 

o£  Thread 

Thread 

or  Bolt 

of  Thread 

Thread 

■°«ll,. 

Inches 

Inches 

Inches 

Inches 

Inches 

.185 

.026 

li 

1.284 

1.294 

.240 

.04s 

if 

1.389 

I.515 

f 

.294 

.067 

li 

1. 491 

1.746 

A 

■  344 

.092 

2^ 

I-616 

z.OSi 

i 

.400 

■I2S 

1  712 

2.301 

A 

■454 

.161 

2i 

1.962 

3.033 

t 

■  507 

.201 

2i 

2.176 

3-718 

i 

.620 

.301 

2i 

2.426 

4.622 

i 

■  731 

.419 

3 

2.629 

5.428 

I 

.837 

■550 

3i 

2.879 

6.509 

ti 

.940 

■693 

3^ 

3-100  ' 

7^547 

■i 

1.065 

.890 

3i 

3-318 

8.641 

1. 160 

1.056 

4 

3-567 

9^993 

size  of  TO 

uDd  iron  ha 

ing  the  req 

aired  area 

at  the  root 

f  tbe  thread 

cut  for  a 

turnbuckle 

r  end  nuts  1 

s  a  3i-in. 

rod.    The  s 

KBa  ia  A  £} 

or  ^5  is 

15  X  25,000 
2X2 

=  93,750 

b. 

Assuming  A  S  aa  being  made  of  Georgia  yellow  pine,  the  allowable 
stress  per  square  inch  will  therefore  be  1,000  lb.  It  can  thus  be  seen 
that  this  post  will  be  a  long  post;  that  is,  its  length,  15  ft.,  will  b» 
longer  than  ten  times  its  least  thicliness  of  cross-section.  Therefore, 
a  certain  sized  post  must  be  assumed  to  see  if  it  will  be  strong  enough. 
Thus,  assume  a  section  of  10  in.  X  12  in.;  then  the  safe  working  load 
is  1.000  X  ISO  X  .82  =■  9S.400  lb.  Since  this  is  larger  than  93,7&0  lb., 
tbe  stress  produced,  the  beam  is  strong  enough.    Ans. 
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10.  Case  11. — The  second  case  to  be  considered  is  a 
girder  braced  with  queenposts,  and  having  a  concentrated 
load  on  the  girder  above  each  post,  as  shown  in  Fig.  4. 
Here,  A  B,  B  C,  and  CD  are  in  compression,  and  are  designed 
as  before.  The  members  B  f/  and  CE  are  in  compression, 
an6  A  H,  H E,  aaA  E D  are  in  tension.  Let  each  load  equal  W, 
then  the  stress  in  both  Bl/and  C£  equals  IV.     To  obtain 


the  stress  in  A  ff  or  DE,  divide  the  length  of  A//  hy  the 
length  B //,  and  multiply  this  result  by  the  amount  of  the 
load  tV.  To  iind  the  stress  iaAD  ot  HE,  divide  the  length 
of  the  line  A  B  hy  the  length  of  the  line  BH,  and  multiply 
this  result  by  the  amount  of  the  load  W. 

Example. — Design  a  trussed  beam  that  is  48  feet  long  and  is 
divided  into  three  equal  panels  by  queenposts  to  support  concentrated 
loads  of  20,000  pounds  over  each  queenpost.  The  length  of  the  queen- 
post  from  the  center  ot  the  beam  is  3  feet. 

Solution,—  BH  =  3  ft.,  and  /4  J  =  48  -=-  3  =  16.  Bygeometry, 
AH  =  <W  +  3*  =  16.2788  ft.  The  stress.  B H  fiT  CE  Is  20,000  lb. 
It  the  post  is  of  cast  iron,  it  need  only  be  20,000  -i-  10,000  =  2  sq.  in. 
in  section;  but  as  a  matter  oE  fact  it  would  probably  be  made  larger 
in  section  for  convenience  in  design.  If  made  of  Georgia  yellow  pine, 
the  post  will  be  20,000  -^  I.OOO  =  20  sq.  in.  in  cross-section.  The  stress 
i^AHoxBDx^ 

^"1^^  X  20,000  =.  108,526  lb. 

Dividing  this  by  16,000  gives  the  area  of  the  rod  required:  thus, 
108.526  ^  16,000  =  6.783.  The  smallest  commercial  siieof  round  Iron, 
from  Table  III,  that  has  the  required  area  at  the  root  of  the  thread  cut 
for  nuts  or  a  turnbuckle  is  a  3j-in.  rod.  The  stress  '-m  A  B\s  equal  to 
^$-  X  20.000  =  106,667  lb.  Assume  that  the  beam  is  made  ot  Georgia 
yellow  pine;  then  the  allowable  stress  per  square  inch  will  be  1,000 
pounds.  It  can  thus  be  seen  that  this  post  will  be  a  long  post.  There- 
fore, assume  a  post  of  10"  X  14"  timber;  the  strength  is 
10  X  14  X  l,00OX.81  =  113,400  lb. 
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I  iii^^'    Case  111. — The  third  case  is  a  girder  braced  with  a 

/i"   ^Post  and  supporting   a  continuous   load,  as  shown  in 
/Q^  '  ^.     The  tie-rods  ^Cand  CB  are  in  tension,  the  king- 
in  compression,  and  the  beam  A  B 


^"^  is  greater  thao  106,667  lb. ,  or  tbe  actual  stress  produced.    The 

"^  in  HE  will  be  tbe  same  as  that  ^  AB,  namely,  106,667  lb.,  bat 

'  f*  in  tension  instead  o£  compression.    As  a  matter  of  tact,  how- 

■^f  is  also  3^^  in.    Ans. 


B  continuous  rod,  so  tbe  diameter 


■OCi 


1  also  in 


compression  and  subjected  to  bending  in  addition.  The 
design  of  such  a  trussed  beam  is  divided  into  two  parts: 
First,  one-half  of  the  total  load  is  considered  concentrated 
over  the  kingpost,  and  the  system  is  designed  as  in  Case  I, 
except  that  AD  and  DB  are  always  considered  as  short 
posts,  no  matter  what  is  the  ratio  of  the  length  to  tbe  least 
thickness  of  the  cross- section.  Second,  the  beam  proper 
A  B  '\%  considered  as  two  beams  of  lengths  AD  and  DB, 
and  enough  material  is  added  to  the  design  already  accom- 
plished to  take  care  of  the  bending  moment  due  to  the  super- 
imposed load.  This  method  of  design  is  more  conservative 
than  other  methods  sometimes  employed,  as  here  the  beam 
AB  may  be  actually  made  in  two  parts  and  jointed  at  D 
and  the  design  will  still  be  safe. 

ExAUPLB. — Design  a  beam  od  a  30-foot  span  with  a  4-[oot  king- 
post, to  carry  a  uniformly  distributed  load  of  1 .000  pounds  per  running 
foot. 

Solution.— By  geometry,  A  C  ■=  Vl5'  -|-"4'  =  15.5242  ft.  Tbe  total 
load  on  the  beam  is  1,000  X  30  =  30,000  !b.  One-half  of  this  is  the 
equivalent  of  a  concentrated  load,  and  is  30.000  -^  2  =  1.5,000  lb.  Tbis 
is  tbe  stress  in  the  kingpost  D  C.  and  if  it  is  made  of  cast  iron,  the 
area  of  its  section  will  be  15,000  ^  10,000  =  1^  sq.  in.,  although  in 
aciual  design,  il  will  be  found  more  convenient  to  make  it  larger.  If 
made  of  Georgia  yellow  pia«,  the  area  of  the  section,  from  Table  I, 


ioy  Google 


12  MECHANICS  OF  CARPENTRY  §33 

will  be  16,000+  1,000  =-  15  sq.  to.,  although  it  would  probably  be 
made  larger  to  avoid  considering  it  as  a  long  post.  The  stress  ia  A  C 
and  CS  is  one-hatf  the  concentrated  load   times  A  C  divided  by 

'"'■"  15.000  X15.52«_^,^,^ 

Dividing  thin  by  16,000,  the  safe  allowable  tensile  stress  in  the  steel, 

it  is  29,108  -7-  16,000  =  1.819  sq.  in.     The  rod  with  the  smallest  area  at 

the  root  of  the  thread  cut  for  a  tumbuckle  is  1^  in.  in  diameter. 

The  compressive  stress  \a  A  D  and  DB,  respectively,  is 

ffifl?;-!?- 28.126  .b. 

If  the  beam  is  made  of  Georgia  yellow  pine,  the  allowable  compress- 
ive stress  is  1,000  lb.  per  sq.  in.  28,126  -;-  1,000  -  28.126  sq.  in. 
Assume  the  deptb  to  be  14  in.,  tfaen  the  width  to  resist  compression 
will  be  28.125  +  14  =  2+  in. 

It  is  now  necessary  to  design  the  beam  for  bending  by  using  vhe 
formula  of  Art.  5.  Referring-  to  Table  I  for  Georgia  yellow  pine, 
*  "  18,700.  Also  from  the  conditions  of  the  problem,  i  =  12  x  15 
=  ISO;  If  ■■  1,000;  and  d  is  also  known  to  be  14  in.,  as  it  is  necessary 
to  make  the  depth  of  the  part  of  the  beam  to  resist  bending  the  same 
as  that  part  designed  to  resist  compression.  Substituting  these  values 
in  the  formula, 

1  mv>        18,700  X  ^  X  14  X  14 
''"™  "  180  XWO 

„  .       1,000X180X180       -„.  „,    , 

*  "   18.700X14X14  =  ^-"^  ^^  «'•  "^- 

This  thickness  should  be  added  to  the  thickness  already  found  to 
resist  direct  compression,  thus,  8j  +  2  =  lOj.  The  beam  must  there- 
fore be  14  in.  deep  and  10^  in.  broad,  bat  as  lOj-  is  not  a  commercial 
size,  the  size  stick  actually  employed  will  t>e  12  in.  X  14  in.    Ans. 

12.  Case  IT. — The  fourth  case  is  a  girder  braced  with 
queenposts  and  supporting  a  continuous  load,  as  shown  in 
Fig.  6.     The  tie-rod  AH  ED  is  in  tension,  the  queenposts 


BH  and  CE  are  in  compression,  and  the  beam  AD  is  ha 
compression  and  also  subjected  to  bending.  As  in  Case  III, 
the  design  is  divided  into  two  parts:     First,  one-third  of  the 
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total  load  is  considered  concentrated  over  each  qupenpost,  and 
the  system  is  designed  as  in  Case  II,  except  ttiat^^,  BC, 
and  CD  are  always  considered  as  short  posts,  no  matter  what 
is  the  ratio  of  the  length  to  the  least  thickness  of  the  cross- 
section.  Second,  the  beam  proper  A  D  \^  considered  as 
three  beams  AB,  BC,  and  CD,  and  enough  material  is 
added  to  the  design  already  completed  to  take  care  of  the 
bending  moment  due  to  the  load  per  foot. 

BXAMPLB. — Design  a  beam  on  a  36-foot  span  with  3-foot  queecposte, 
to  carryauaifonnly  distributed  load  of  1,600  pounds  per  running  foot. 

Solution.— By  geometry,'.^  H  •*  Vl2'  +  8"  =  12.3693  ft.  The  total 
load  on  the  beam  is  1,600  X  36  •-  54,000  lb.;  one-third  of  this  is  equiva- 
lent to  eacta  concentrated  load,  and  is  18,000  lb.,  nhicb  is  the  stress  in 
the  q uean posts  *  ^  and  CE.  If  they  are  made  of  cast  iron,  the  section 
of  each  will  be  18,000  -9-  10,000  -  l.S  sq.  in.,  although  in  actual  desigo 
It  will  be  found  convenient  to  make  them  lai^r.  If  made  of  white  oak, 
the  area  of  each  section,  from  Tablet,  will  be  18,000  -!-  900  »  20sq.in. 
The  stress  \a  A  H  and  £  Z>  is 

18,000  X  ^^^  -  74,216  lb. 

Dividing  this  by  16,000,  the  allowable  stress  in  the  steel,  it  is 
74.21fl  -^  16.000  -  4.64  sq.  in.  Since  HE  is  part  of  the  same  rod, 
it  will  be  made  the  same  sice  as  A  H  and  E  D,  even  if  the  stress  in  it 
is  not  quite  so  large.  The  rod  with  the  smallest  area  at  the  bottom  of 
the  thread  cut  for  a  turnbuckle  is  3  in.  in  diameter.  The  compressive 
stress  iaAB.B  C,  and  CD  is  18.000  X  V  =»  72,000  lb.  If  the  beam 
is  made  of  white  oak,  the  allowable  compressive  stress  is  900  lb. 
per  sq.  in.,  and  72,000  -i-  900  <■  80  sq.  in.  Assume  the  depth  ai 
the  beam  to  t>e  16  in.,  then  the  width  to  resist  compression  will  be 
SO  4-  16  -  5  in. 

To  design  the  beam  for  bending,  the  formula  given  in  Art.  5  is 
Obed.  From  Table  I,  for  white  oak,  *  =  16,000;  Z.  -  12  X  12  =  H4; 
tp  =  1,500;  and  d  is  the  same  as  before,  namely,  16  in.  Substilnling 
these  values  in  the  formula, 

16.000  X  fl  X  16  X  16 
144  X  144 

<"^'  *  "  re,ooo  X  16-XT6"  -  ^-^^^  ^^  ^*'  '"■ 

The  total  width  of  the  beam  required,  therefore,  is6-F7|  =  12f  in. 
Thus,  the  beam  should  be  12|  in.  X  16  in.,  but  as  sticks  of  this  size 
cannot  be  obtamed,  it  would  probably  be  built  of  two  8  in.  X  16  in. 
packed  with,  say,  3-tD.  packing.. 


1,500  =  - 
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EXAMPLES    FOB    PRACTICB 

1.  A  girder  trussed  with  a  kingpost  supports  a  conceotrated  load 
of  10.000  pounds  placed  at  the  center.  The  span  is  28  feet  and  the 
kingpost  is  3  feet.  Both  the  girder  and  the  kingpost  are  made  of 
hemlock.  What  is  the  smallest  dimension  of  the  various  members,  if 
it  is  decided  to  make  the  girder  8  inches  deep? 

An5. — Area  of  kingpost,  12^  sq.  in.;  area  of  rod,  1.49  sq.  in.; 
girder,  6  in.  X  8  in. 

2.  A  girder  trussed  with  queenposts,  supports  two  concentrated 
toads  of  8,000  pounds  each,  one  placed  over  each  queenpost.  j  The 
span  is  33  feet  and  the  queenposts  are  each  2  feet  6  inches.  The  gir- 
der is  made  of  California  spruce  and  the  queenposts  are  of  hemlock, 
and  it  is  decided  to  make  the  girder  8  inches  deep.  What  are  the 
minimum  dimensions  of  the  various  pieces? 

Ans.— Area  of  queenposts,  10  sq.  in.  each;  area  of  truss  rod, 
2.256  sq.  in.;  dimensions  of  girder,  8  in.  X  8  in. 

3.  A  kingpost  girder  is  made  of  Georgia  yellow  pine.  The  post 
itself  is  made  of  cast  iron,  and  Is  4  feet  long  from  the  center  of  the 
girder.  The  span  is  40  feet,  and  the  girder  carries  1,500  pounds  per 
foot.  The  largest  sticic  that  can  be  obtained  from  the  mill  is  18  iactaes. 
Design  the  girder, 

Ans.— Area  of  kingpost,  3  sq.  in.;  area  of  rod,  4.78  sq.  in;  beam  is 
18.427  in.  wide,  and  in  actual  practice  vould  consist  of  two  sticks 
10  in.  X  18  in. 

4.  A  queenpost  girder  is  made  of  white  oak.  The  queenposts  are 
also  of  oak  and  are  3  feet  long,  each  from  the  center  of  the  beam. 
The  span  is  36  feet,  and  the  girder  carries  1 ,000  pounds  per  foot.  It  is 
decided  to  make  the  stick  16  inches  deep.    Design  the  beam. 

Ans. — Area  of  queenpost,  13.3  sq.  in,;  area  of  rods,  3.09  sq.  is.; 
beam  is  8.396  in.  X  16  in.,  say,  10  in.  X  16  in. 


FlilTCH-PLATE  GIRDER8 
13.  A  flttcb-plate  girder  is  composed  of  a  steel  plate 
having  a  wooden  beam  bolted  on  each  side.  The  girder 
should  have  two  lines  of  bolts,  as  shown  in  Fig.  7,  the 
distance  between  centers  on  each  line  being  twice  the  depth 
of  the  girder,  while  at  each  end  there  should  be  two  bolts  in 
the  same  vertical  line.  The  strength  of  such  a  girder  is 
equal  to  the  strength  of  the  wood  plus  the  strength  of  the 
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gteel  plate.  Since,  however,  the  two  materials  are  bolted 
toeether  and  bend  together,  for  reasons  not  here  discussed, 
th^  wood  cannot  exert  its  full  strength,  and  instead  of  using 
the  constant  k  from  Table  1  for  the  formulas  of  Arts.  5 
and  6,  the  constant  r  from  the  same  table  should  be 
employed.  The  load  that  steel  will  carry  will  be  found  by 
the  same  formulas  that  are  used  for  the  wooden  part,  the 


only  difference  being  the  constant  r,  which  for  steel  is  256,000. 
In  designing  flitch-plate  girders,  the  size  of  the  steel  plate 
is  usually  assumed  first,  and  the  correct  amount  of  wood  is 
added  afterwards. 

Example  1, — Design  a  flltch-plate  girder  tbat,  on  a  span  of  17  feet 
6  iucbes,  will  cany  a  safe. load  of  1,100  pounds  per  foot.  Assume  the 
flitch  plate  to  tie  |  in.  X  12  in. 

Solution.— The  load  per  foot  that  the  steel  will  cany  Is  found  by 
the  formula  w  =   ^f ,  where  r  =  256,000;   i  =  j;    rf  =  12;    and 
L  =  17.5  X  12  -  210.     Substituting  these  values  in  the  equation, 
SSfi.OOO  X  .75  X  12  X  12      „„,  ,,. 
■^  -  210^10 «2^  '"■ 

This  is  the  amount  of  load  per  foot  that  the  steel,  will  carry.  The 
amount  left  is,  therefore,  1,100  -  627  ■=  473  lb.  per  ft.,  and  is  the 
weight  that  the  wood  must  Ire  designed  to  carry.  The  wood  must 
have  the  s^me  depth  as  the  plate,  namely  12  in.  Assume  that  Georgia 
yellow  pine  is  to  be  used;  then  from  Table  1,  r  equals  15,007.  Substi- 
tnting  the  values  known,  the  equation  w  =  — i-r~  t>ecomes 


473 


15,007  XftX  12_Xi2 
'  "   " "  210  X  210 


Th,„,o„,     »  .  ^  -7,^>=|lg  -  9.65,  „y  ,0,  ,.. 

The  girder  should  therefore  bave  5  in.  of  wood  on  each  side  of  the 
steel  plate.    Ans. 

EXAUPLB  2. — A  flitch-plate  girder  Is  on  a  22-foot  span  and  is  made 
of  1"  X  14"  steel  plate  and  two  t>"  X  14"  white-oak  sticks;  what  safe 
load  concentrated  at  the  center  will  it  carry? 
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'The  formula  for  coDcentrated  loads  is  w'  = 
9,710;  i  -  2  X  6  =  12;  ii  =  14;  and  Z.  =  2i 


"'   ""  '24  X  2((4 

oad  tbat  the  wooden  part  of  the  beam  will  carry.     For 
r  =  266.000;  b  =  V,  d  =  H;  and  Z.  -  284.    Therefore, 

,       266,000X1  XUX  11 
"*   ^  ■  24  X  264 

>tal  concentrated  load  that  the  flitch  plate  wilt  carry  ii 
3,604  +  7,919  =  11,523  lb.    Ans. 


-  =  3,604  lb. 


=  7,919  lb. 


BXAMPLBS    FOB    PRACTICE 

a  flitch-plate  girder  on  a  lO-foot  span  to  carry  a  load  of 

ler  foot,  the  beam  to  be  of  yellow  flr,  and  the  flitch  plata 

«1. 

,  Plate  to  be  Bitched  with  an  8"  X  14"  stick  on  eacb  side 

niform  load  per  foot  will  a  flitch-plate  girder  carry  on  a 

:he  girder  being  composed  of  a  1"  X  12"  steel  plate  and 

>eorgia  yellow-pine  sticks?  Ans.  901  lb.  per  ft. 

a  flitch-plate  girder  on  a  span  of  16  feet,  to  carry  a  safe 
pounds  concentrated  at  the  center.  The  plate  Is  to  b« 
,  and  the  wooden  sticks  are  to  be  made  of  chestnut. 

IS.  Plate  to  be  flitched  with  a  4"  X  12"  stick  on  each  side 

afe'  load  concentrated  at  the  center  will  a  flitch-plate 
on  a  19-foot  span,  the  girder  being  composed  of  a 
plate  and  two  6"  X  10"  Georgia  yellow-pine  sticks? 

Ans.  9,760  lb. 
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serious  d 
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Span  Prom  Center 
to  Center  of 
Wall  Plates 

,  Rafters  a 

Ridge  Board  c 

Ceiling  Joists, 
if  Used 

Feet 

Inches 

Inches 

Inches 

8 

2X4 

.4X7 

2X4 

10 

2X4 

.!X7 

2X5 

12 

3X4 

iSx? 

2X6 

14 

2XS 

.ix8 

2X7 

i6 

2X6 

iJXS 

2X8 

i8 

3X6 

.ix8 

2X9 

Couple-Close  Koots.- 


of  which  are  given  in  Table  IV, 
called  a  tie-beam,  and 
a  truss  as  shown  in 
Fig.  9  is  called  a 
couple-close  roof. 
17.  Collar-Beam 
Roofs. — Where  it  is 
desired  to  have  more 
headroom  in  build- 
ings, the  truss  is  often 
built  as  shown  in 
Fig.  10.     The  tie  a 


-The  truss  shown  in  Fig,  8 
has  a  tendency  to  push 
out  the  side  walls  of  the 
building,  and  should  not 
be  used  on  a  span  greater 
than  12  feet  without  some 
precaution  being  taken  to 
receive  the  thrust  of  the 
rafters.  One  method  of 
avoiding  this  thrust  is  to 
use  a  ceiling  joist,  as  shown 
at  a.  Fig.  9,  the  sizes 
This  ceiling  joist  is  often 
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the  cleat  /  helps  support  the  straining  beam  i.  A  wrought- 
iron  strap  is  used  on  both  sides  of  the  timber,  and  throaeb 
bolts  hold  the  joint  firmly  in  place. 
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JOINERY 

(PART  1} 


riNCE  OF  JOINERY 

distinguished  from  carpentry,  relates  to 

woodworking  trades  which  deals  with 
exterior  fittlDgs  of  a  house  that  are  put 
lugh  framework  and  flooring  are  finished, 

skirtings,  casings,  wainscotings,  doors, 
•artitions,  stairways,  etc. 
fitting  joints,  accurate  workmanship,  and 
faces  are  the  chief  points  in  view,  as  con- 
irk  of  the  carpenter,  whose  main  object 
le,  or  skeleton,  that  will  be  strong  enough 

to  which  the  building  may  be  subjected 
inged  to  comply  with  the  requirements  of 

:  carpenter  deals  principally  with  heavy 
h,  the  joiner  uses  smaller  pieces  of  finer 

seasoned  woods,' and  joins  and  fits  them 
uracy.  The  joiner,  therefore,  must  work 
re  and  to  a  higher  degree  of  finish  than 
I  the  surfaces  that  the  joiner  leaves 
mooth  and  clean,  ready  for  the  painter, 
er. 

is  spent  between  the  duties  of  the  work- 
ing.    In  the  workshop,  he  prepares  the 

work,  door  frames  and  casings,  window 

\l  Tatbook  Comfiany     Entirtd  at  Staliontri'  Hull.  Lo«d(m 
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frames  and  sash,  all  classes  of  molded  work,  and  the  various 
parts  required  for  stairways,  general  trim,  and  interior 
fittings.  In  the  building,  he  attaches  the  finished  woodwork 
to  the  framed  base,  consisting  of  false  jambs,  furring  strips, 
and  grounds,  all  of  which  be  should  verify  as  to  correct 
leveling,  plumbing,  and  alinemeot  before  he  applies  the  mate- 
rials. True,  these  should  have  been  placed  correctly  by  the 
carpenter,  but  a  careful  joiner  will  always  make  an  examina- 
tion of  existing  conditions,  so  that  he  may  better  meet  them 
intelligently.  

JOINTS 

2.  Classes  of  Joints  In  Joinery. — To  insure  durable 
and  flush  connections  between  the  parts  joined  together,  due 
consideration  should  be  given  to  the  form  and  character  of 
the  joints,  so  that  the  strains  to  which  they  are  subjected 
may  be  either  resisted  or  compensated.  The  strains  may  be 
caused  either  by  the  behavior  of  the  material  itself,  or  by 
extraneous  force  in  the  working  portions,  as  doors,  shutters, 
and  window  sashes. 

In  Carpentry,  a  number  of  joints  commonly  used  in  house 
building  are  described  in  detail;  and  though  many  of  these 
joints  are  identically  the  same  in  principle  as  those  used  in 
joinery,  there  is  a  vast  difference  in  the  degree  of  accuracy 
required  in  the  workmanship.  In  joinery,  the  joints  may  be 
divided  into  two  classes;  namely,  loose  joints  a,n^  glued  joints. 
The  former  consists  of  two  or  more  pieces  held  in  place, 
primarily,  by  the  shape  of  the  parts  of  union,  although  glued 
when  put  together  for  interior  work,  such  as  the  dovetail 
joint,  Figs.  8,  9,  10,  and  11;  in  the  latter,  the  pieces  are 
secured  by  means  of  glue,  as  in  the  miter  joint.  Fig.  2,  the 
half  corner.  Fig.  3,  etc. 

3.  Loose  Joints  are  seldom  used  in  joinery,  except  in 
heavy  machine  frames  and  in  pieces  of  cabinetwork  that  are 
made  in  sections  for  convenience  in  handling,  or  in  the 
exterior  finish  of  a  building  where  exposure  to  the  weather 
would  render  the  glued  joint  unreliable;  and,  in  any  case, 
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the  loose   joint  is  usually  rendered  additionally  secure  by 
means  of  screws,  nails,  or  wooden  pins. 

4.  Glued  Joints  require  some  mechanical  contrivance  to 
bold  the  parts  in  position  while  the  glue  is  setting,  which 
usually  requires  from  12  to  48  hours,  according  to  the  quality 
of  the  glue,  the  condition  of  the  atmosphere,  and  the  tem- 
perature of  the  room. 

5.  Considerable  experience  is  required  in  order  to  use 
glue  successfully.  The  wood  must  be  well  seasoned  and 
thoroughly  dry,  and  the  joint  must  be  well  fitted.  In  gluing 
hardwoods,  the  surfaces  to  be  glued  should  be  roughened 
with  a  toothe>3  comb,  to  make  the  glue  hold  better,  the  room 
must  be  at  a  proper  temperature,  and  the  material  must  be 
heated,  so  that  the  glue  will  flow  quite  freely.  The  glue 
should  be  spread  evenly  on  the  parts,  which  are  then  placed 
together  as  soon  as  possible  and  held  in  place  by  means  of 
hand  screws,  bench  clamps,  or  wedged  frames.  AH  super- 
fluous glue  is  then  wiped  off,  and  the  work  is  allowed  to 
stand  until  the  joint  is  thoroughly  dry. 

The  most  frequent  causes  of  bad  gluing  are  the  use  of 
inferior  glue  and  the  unequal  spreading  of  it.  A  good  prac- 
tical way  to  test  any  brand  of  glue  is  to  glue  together  a  piece 
of  pine  and  a  piece  of  ash,  clamp  them  up  with  a  hand  screw, 
and  when  they  are  dry  insert  a  chisel  in  the  joint  and  try  to 
pry  them  apart.  If  the  joint  separates  where  it  is  glued,  the 
adhesion  is  inferior,  and  the  glue  should  not  be  used  for 
good  work.  The  wood  should  split,  or  give  way,  rather  than 
the  material  that  secures  the  joint. 

6.  Butt  Joints. — The  simplest  joint  made  use  of  in 
joinery  is  the  butt  Joint,  shown  in  Fig.  1.  Here,  the  two 
pieces  to  be  joined  are  simply  butted  together  in  a  similar 
manner  to  the  butt  joint  in  carpentry,  but  the  adjacent  sur- 
faces are  much  more  accurately  fitted  and  are  held  in  place 
by  means  of  screws  or  dowels — the  former  when  the  pieces 
are  broad  and  thin,  as  in  Fig.  1  (.a),  and  the  latter  when  the 
limbers  are  heavy  and  thick,  or  when  they  are  to  be  joined 
together  on  the  thinner  edges,  as  in  Fig,  1  (i). 
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ifflple  form  of  butt  joint  in  itself  is  insecure,  and 
equires  glue  to  make  it  in  any  degree  reliable;  or  it 
cept  in  place  by  the  woodwork  ag:ainst  which  it  is 
as  would  be  the  case  in  an  exterior  casing  for  a 
If  the  form  shown  in  (6)  is  used,  the  top  A  should 
ae  sides  J. 

ain  butt  joint,  shown  in  Fig.  1  (a),  is  seldom  used 
ass  joinery  work,  as  the  openine  caused  by  shrink- 
ry  apparent.  The  absence  of  a  device  to  keep  the 
rface  flush  allows  the  fibers  to  curl,  and  the  efiect 
:ase  and  warping  would  be  to  cause  |the  pieces  c  to 
lightly  over  the  side  of  d  and  render  the  juncture  too 


Fis.  1 

This  may  be  obviated  to  a  certain  extent,  when 
runs  parallel  with  the  joint,  by  forming  the  joint  as 
quarter  round  /  is  worked  on  one  of  the  pieces  to 
],  thus  forming  fillets,  as  shown  at  g^.  The  joint 
(a)  may  also  be  doweled,  as  in  (i). 

tter  Joint. — The  inlter  Joint,  shown  in  Pig.  2,  is 
'  used  when  the  boards  are  of  the  same  thickness, 
I  great  strength  is  necessary,  and  where  the  condt- 
uire  that  the  angle  shall  show  no  end  grain  of  the 
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wood,  either  inside  or  outside  the  joint.    ' 

nailed  or  screwed  toeetber  as  shown,  but 

maJce  it  secure,  or  is  strengthened  by  a  sli 

as  shown  dotted  at  a; 

it    is    also    sometimes 

secured  by  gluing  in  a 

key  of  thin  wood,  which 

is  inserted  in  a  saw  kerf 

cut  diagonally,  as  at  6, 

or   at   right  angles  to 

the  end,  as  at  c.    A 

ixjred  miter  is  generally 

u^ed  for  a  joint  sees 

only  from  the  interior,  f™- 

as  the  keys  disfigure  the  exterior.    This 

with  the  broad  portion  of  the  wood  on 

case  of  aichitraves  and  casings. 

In  mitered  joints,  the   shrinkage  of  t 
change   the   appearance   of   the   exterior 

opei 
cate 
line: 


8 

Cor 
Pio.  s  den 

in   Pig.   3,    is   a   joint  used  where  the 
will  be  visible,  and   is  an  improvement 
shown  in  Pig.  1  [a),  inasmuch  as  it  pr 
surfaces,  one  at  a  and  one  at  b. 

9.  Shouldered-and-Mltered  Jc 
dered-and-mltered  ]oltit,  shown  in  I 
nation  of  the  forms  shown  in  Pigs.  2  and 
the  advantage  of  showing  no  end  grain  i 
possesses  the  additional  strength  secure* 
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joining  the  pieces  of  Fig.  3.  The  use  ot  this  joint,  however, 
is  limited  to  light  work,  where  great  strength  is  not  needed, 
and  is  especially  serviceable  where  a  miter  joint  is  required 
between  pieces  of  unequal  thickness,  as  in  Fig.  4. 

10.  To  11  gued-and- Grooved  Joints. — The  tongnied- 
'  and-grooved  Joint, 
;  Fig.  5,  the  dado  Joint, 

Fig.  6,  and  the  housed 

.  joint.   Fig.  7,  are  all 

'  modifications    of     the 

same  form,  where  the 

end   of    one    piece    is 

let    into    the    side    of 

another    piece    about 

one-third  of  its  entire 

Fid.  1  thickness.  These  joints 

are  very  frequently  used  in  joinery.     They  are  secured  by 

means  of  glue,  nails,  or  screws,  or  may  be  left  loose  to  allow 

the  members  to  come  and  go  in  shrinking  and  swelling. 

In  joining  the  back  and  sides  of  a  drawer,  the  forms  shown 
in  Figs.  6  and  7  are  frequently  used,  as  the  projection  of 


the  sides  of  the  drawer,  as  from  e  to  rf,  renders  the  end  less 
likely  to  be  pulled  off  by  the  jar  of  the  contents  when  the 
drawer  is  suddenly  opened;  and  any  unequal  shrinkage  of 
the  two  pieces  will  not  tend  to  split  the  material,  provided 
the  joint  is  not  secured  by  too  many  nails. 
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11.  Dovetail  Joint. — ThedovetAll  Joint  is  one  of  the 
most  important  in  joinery;  it  furnishes  a  rigid  method  of 
securing  pieces  together  where  the  fibers  of  the  material  are 
approidmately  at  right  angles  to  the  joint. 

On  analyzing  the  conditions  of  strength  existing  in  a 
dovetail  joint,  it  is  evident  that  the  strength  of  the  entire 
joint  depends  on  the  combined  value  of  the  dovetails,  the 
same  as  a  nailed  joint  depends  on  the  combined  resistance  of 
the  nails,  or  as  a  nut  on  a  bolt  depends  on  the  aggregate 
strength  of  the  threads  for  its  holding  power. 

The  extent  to  which  this  is  true  may  be  realized  by  con- 
sidering  wherein   the   strength  of   each   dovetail   lies.     In 
Fig.  8  (i),  the  projections  on  the  piece  b  are  liable  to  fail 
by  the  shearing  of  the  flare, 
or  dovetail,  on  each  side  of 
the  projection,  the  strength 
in  this   case   depending  on 
the  capabilities  of  the  wood 
to  resist  shear  across  the 
grain;  while  the  projections 
on  the  piece  d  depend  for 
their  strength  on  the  resist- 
ance of  the  flares,  or  dove- 
tails,   to   the   shear   of   the 
wood  parallel  with  the  grain.  ^"*'  ' 

The  projections  on  the  pieces  d  and**  are  also  liable  to 
fail  by  shearing  through,  or  by  breaking  off  where  they  join 
the  main  pieces  of  wood;  consequently,  the  distance  from  k 
to  h  and  the  corresponding  distance  on  the  projections  on  the 
piece-  b  should  never  be  so  slight  as  to  be  liable  to  break 
before  the  shearing  strength  of  the  wood  across,  or  parallel 
with,  the  grain  is  realized. 

There  is  still  another  factor  entering  into  the  strength  of 
a  dovetail  joint,  and  ihat  is  the  adhesive  strength  of  the  glue 
thafbinds  the  fibers  of  the  projections  on  the  pieces  united, 
giving  rigidity  to  the  joint  and  preventing  the  piece  d  from 
pulling  away  from  i  in  a  direction  parallel  with  the  grain  of 
the  latter. 
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13.  Another  form,  known  as  the  halt-lap  doTetall,  is 
abown  in  Fi{f.  9.'  In  this  joint,  the  pins  c,  though  cut  down 
from  the  end  oE  the  board  e  a  distance  equal  to  the  thickness 
of  the  board  A,  are  not  cut  entirely  through  the  board  e,  but 
have,  as  at  f,  g,  a  lap  that  covers  the  ends  of  the  dovetails 


on  h  when  the  joint  is  closed.  This  entirely  prevents  the 
character  of  the  joint  from  appearing  on  e,  although  the  end 
grain  of  the  pins  c  will  show  through  the  board  h.  This 
joint  is  well  adapted  for  the  fronts  of  drawers,  as  shown  in 
(b),  as  the  piece  e  that  shows  no  dovetails  forms  the  front 
of  the  drawer,  and  the  ends  of  the  dovetail  pins  on  the  side 
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aden  when  the  drawer  is  closed.  The  side 
i  joint  and  the  relative  size  of  the  dovetails 
ins  are  shown  in  (6).  The  reference  letters 
le  details  in  both  (a)  and  (6). 

ird  form  is  known  as  the  blind,  or  secret, 
is  shown  in  Fig.  10.  In  this  joint,  about 
:  the  thickness  bf  the  board  is  dovetailed,  the 
ion  being  united  in  a  miter  joint.  Both  the 
the  dovetail  pins  are  here  cut  only  partly 
jrd.  The  upper  pin  a'  of  piece  c  is  cut  off  on 
if  the  angle,  while  the  upper  half  of  mortise  i' 


Jie  miter  line  of  the  piece  rf,  thereby  conceal- 
e  details  of  the  true  character  of  the  joint 
:s  are  united. 

seldom  used  in  joinery,  except  for  the  front 
ly  finished  drawers  and  boxes,  where,  for  the 
ranee,  it  is  better  for  the  dovetails  not  to 
nd  dovetail  is  not  so  strong  as  either  of  the 
rtly  because  it  utilizes  only  a  portion  of  the 
ness  of  the  wood,  and  partly  because,  on 
■  concealment,  it  is  impossible  to  see  whether 
srtises  fit  one  another  accurately. 
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15.  Haoblne  Dovetailing. — Pit:.  11  shows  two  forms 
of  dovetailing  that  are  executed  by  machinery.  The  form 
shown  at  (a)  and  (6)  is  used  for  the  same  purposes  as  that 
shown     in    Fig.    9, 

namely,  for  drawers, 
cabinets,    etc.,    while 

that   shown   at   Ic)   is  , 

used  principally  in 
making  small  boxes 
and  filing  cases,  house- 
bold  articles,  etc.,  and 
may  be  used  with  or 
without  glue. 

16.  Doweled 
Joints.— The  dow- 
eled Joint,  shown  in 
Fig.  12,  consists  of  a 
plain  butt  joint  be- 
tween the  two  pieces  e 
and  /,  either  between 
one  end  and  a  side,  as 
iu  (a),  or  between  the 
two  meeting  edges,  as 
ia{6).  Holes  are  bored, 
and  dowels  are  glued 
and  inserted  as  shown. 
The  object  of  the  dow- 
els is  to  keep  the  faces 
flush,  and  to  render  the 
joint  stiffer  if  subjected 
to  a  transverse  strain. 

The   holes  should    be  „. 

somewhat  deeper  than 

the  length  of  the  dow-  ''"'■  " 

els,  to  allow  for  shrinkage  of  the  material  and  at  the  same 

time  insure  a  close  joint.   The  form  shown  in  (a)  is  a  substitute 

for  a  mortise-and-tenon  joint,  but  is  not  to  be  recommended. 

158—30 
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strength  is  required,  they  may  stand  up  from  the  back,  as 
shown  at  6.  Keys  should  not  be  glned  in  position,  but  are 
sometimes  secured 
with  a  single  screw 
or  nail  at  one  end,  as 
shown  at  e,  so  that 
when  the  material 
shrinks  it  will  slide 
OQ  the  key,  and  the 
joint  along  the  key- 
way,  or  groove,  will 
still  remain  tight. 

19.    Clampins. 

Boards  are  sometimes 

kept  from  warping  by 

means  of  clamping, 

as  shown  in  Fig.  14. 

The  boards  a,  b   are 

doweled  or   tongued  ^'°'  " 

and  grooved  together  on  their  interior  edges  to  form  a  close 

joint,  as  at  cd,  and  the  clamps  h,}  are  glued  over  tongues 

worked  on  the  ends  of  the  boards,  as  shown  at  e. 

In  first-class  work,  tenons  /are  also  worked  on  the  boards 
a,  b,  and  by  insertion  in  the  mortises  in  the  clamp  h  strengthen 


the  joint  materially.     When  it  is  undesirable  to  show  the  end 
grain  of  the  clamp,  as  at  e,  or  of  the  tenons,  as  at  /,  the  ends 
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the  lower  member  e  project  beyond  the  i 
forming  a  sort  of  plinth  around  the  room, 
Fig.  16  (i).  The  clearance  at  /  shoiUd  be 
ia  rooms  that  are  likely  to  be  carpeted,  so  t 
the  carpet  when  being  laid  fuay  be  pushed  m 
board.  When  floors  are  finished  with  par 
the  joint  between  the  base  and  the  floor  sb 
as  possible. 

27.  Dados  and  Wainscots. — In  rooms 
tion  of  the  furniture  is  frequently  changed, 
rooms,  kitchens,  libraries,  etc.,  as  well  a: 
halls,  stairways,  etc.,  it  is  sometimes  des 
broad  band,  or  molding,  against  the  wail,  al 
the  floor  and  parallel  with  the  skirting,  to  p 
of  the  chairs  from  marring  the  plaster,  and  j 
to  form  a  cap  to  the  dado,  or  wainscot,  if  s 
This  chair  rail  is  affixed  to  a  narrow  grount 
course,  cover  the  joint  between  the  ground 
The  space  between  the  chair  rail  and  the  s 
the  dado,  or  -walnscotj  it  may  be  paneled  i 
with  narrow  lining,  or  simply  left  plain  in  pi 

28.  In  a  paneled  wainscot,  such  as  is  si 
great  care  is  necessary  in  fitting  all  the  join 
sideration  should  be  given  to  the  subject  < 
that  the  subsequent  drying  out  of  the  materi 
unsightly  cracks  or  open  joints.  The  verti 
the  horizontal  members  b,  b',  and  f^  dividin 
the  wainscot  into  panels,  called  sfiUs  and  ra 
are  framed  and  glued  together.  The  panels 
shrink  or  swell  to  a  greater  or  less  extent, 
ing  the  surrounding  members.  The  end 
from  the  floor  to  the  upper  edge  of  the  to 
mortised  to  receive  the  tenons  of  the  rails  b, 
al  e,^,  and  ^'.  The  rails  are  also  mortised, 
tenonsof  theintermediatestiles,ormuntins,a, 

In  the  edge  of  each  stile  and  rail,  a  groo 
the  depth  of  the  molding  g,  and  the  edges  of 
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he  wainscot  of  narrow  boards,  not 
thickness  in  width,  with  the  grain 

reference  to  that  of  the  adjacent 
!art  side  of  the  material  show  on 
>oard.  After  being  tongued  and 
sr,  the  boards  are  secured  against 
s  described  in  Art.  18. 

build  the  wainscot  with  several 
eversing  the  grain  in  each  piece, 
one  for  long,  unbroken  surfaces, 

almost  entirely;   but,  when  the 

permit  the  building  of  a  stile,  or 
the  narrow,  keyed  boards  will  be 
actorily,  provided  a  i-inch  space 
he  pilasters  is  left  to  allow  for 
These  keyed  sections,  if  the 
d  be  secured  to  the  wall  only  in 
and  left  loose  the  rest  of  the  way 
iheric  changes.  If  the  grain  runs 
,  no  stiles,  or  pilasters,  will  be 
,  as  the  wainscot  can  be  built  up 
It  the  shrinkage  between  the  base 
;,  must  be  provided  for,  and  the 

only  in  the  center  of  its  height, 
lottom  to  come  and  go. 

of  the  wainscot  is  completed,  it 
shown  at  /,  Fig.  16,  which  are 
before  the  plastering  is  applied, 
nust  be  taken  to  insure  the  dry- 
esence  of  the  slightest  moisture 
joinery  work.  Under  the  most 
ist  a  week  should  be  allowed  to 
Eits  of  plaster,  and  the  hardwood 
for  two  weeks  after  the  finished 
r  rginy  weather  much  more  time 
atent  prepared  plasters  and  wall 
an  this,  and  a  deduction  can  be 
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made  when  these   are   used,  accordins  to  the  rapidity   of 
their  drying. 

31.  When  the  wainscot  is  secured  horizontally  through 
its  center,  and  allowed  to  shrink  at  the  top  and  bottom,  a 
horizontal  ground  must  be  provided  to  nail  it  to,  and  addi- 
tional grounds  must  be  provided  at  top  and  bottom  to  secure 
the  coping  and  the  base,  as  well  as  to  form  a  backing  for  the 
upper  and  lower  edges  of  the  dado.  When  the  wainscot  is 
secured  along  vertical  lines  every  8  or  10  feet  of  its  length, 
vertical  grounds  must  be  provided  in  addition  to  the  grounds 
at  top  and  bottom. 

32.  In  laying  out  and  spacing  the  stiles,  rails,  and 
panels  of  a  wainscot,  it  is  first  necessary  to  prepare  a  long 
measuring  rod,  about  2  inches  wide,  through  the  center  of 
which  a  line  is  drawn,  as  shown  at  a  ^  in  Fig.  17.  The  rod 
is  then  divided  into  a  number  of  spaces,  corresponding  to  the 


f— f — f  f   f  r   1 

1  >  i  i    i- 

T  ' — '- 

widths  of  the  stiles  and  panels  on  one  side  of  the  line,  and 
to  the  width  of  the  rails  and  length  of  the  panels  on  the 
other  side;  that  is,  the  divisions  in  Fig.  17  that  are  above 
the  line  ai,  as  cd,  Im,  I'm',  etc.,  show  the  location  and 
widths  of  the  stiles  a  in  Fig.  16,  while  the  large  divisions, 
as  (//,  w  /',  etc.,  show  the  width  of  the  panels  c.  The  divi- 
sions ef,  gkf  and  ik  below  the  line  ab.  Fig.  17,  mark  the 
widths  of  the  rails  b,  b' ,  and  b".  Fig.  16,  and  the  spaces  fg 
and  h  i  show  the  width  and  the  length  of  the  panels. 

The  three  rails  b,l>',l/'.  Fig.  16,  are  clamped  together  with 
hand  screws,  and  the  rod  is  then  used  to  lay  out  the  width 
of,  and  the  spacing  between,  the  stiles.  These  divisions  are 
then  squared  across  the  three  rails  with  a  square,  and  marked 
with  a  scratch  awl  or  the  point  of  a  knife.  The  stiles  are 
then  marked  in  the  same  way,  three  or  four  at  a  time,  and  an 
allowance  is  made  for  the  length  of  the  tenons  on  the  ends. 
In  laying  out  the  measuring  rods  for  the  spacing  of   the 
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stiles  and  panels,  it  should  be  remembered  tbat  a  stile  must 
exist  on  each  end  of  the  wainscot,  and  to  determine  the 
number  of  panels  required,  the  width  of  one  stile  and  twice 
the  thickness  ot  the  wainscot  must  be  subtracted  from  the 
length  of  the  room,  if  the  wainscot  returns  on  two  interior 
angles,  and  the  remainder  divided  by  the  sum  of  the  widths 
of  one  panel  and  one  stile.  If,  however,  the  wainscot  returns 
around  one  exterior  and  one  interior  angle,  as  at  ^  and  B, 
Fig.  16,  only  the  width  of  one  stile  should  be  deducted. 

33.  In  Pig.  16,  the  length  of  the  wall  along  which  the 
wainscot  is  built  is  3  feet  11  inches,  and  the  panels  are  each 
4i  inches  wide;  all  the  stiles  are  3  inches  wide,  except  the 
end  one  ^,  which  is  3i  inches  wide.  If,  now,  Bi  inches, 
the  width  of  the  end  stile,  ts  subtracted  from  3  feet  11  inches, 
the  length  of  the  wall,  3  feet  7i  inches  of  wainscot  remains 
to  be  divided  into  six  equal  panels  and  six  equal  stiles.  The 
combined  width  of  a  panel  and  stile,  therefore,  is  43i  inches 
-r-  6  =  7i-  inches.  Since  the  stiles  are  to  be  3  inches  wide, 
then  7i  —  3  =  4i  inches  is  the  width  of  each  panel  opening. 
IE  the  wall  at  ^  had  returned  on  an  interior  angle,  like  the 
wall  at  3,  the  end  stile  at  A  would  have  been  of  the  same  width 
as  the  stile  at  B,  and  it  would  then  have  been  necessary  to 
deduct  3  inches,  the  width  of  one  stile,  plus  2i  inches,  twice 
the  thickness  of  the  wainscot,  from  3  feet  11  inches,  which 
would  give  about  6ii  inches  as  the  width  of  each  panel  and 
stile  combined;  and,  allowing  3  inches  for  the  stiles,  each 
panel  opening  would  be  3H  inches  in  width.  The  panels 
themselves,  however,  will  be  wider  than  that,  as  a  proper 
allowance  must  be  made  all  around  for  their  insertion  into 
the  groove,  as  shown  at  A. 

34.  After  all  the  mortises  and  tenons  are  cut  and  fitted, 
and  each  has  been  marked  so  that  it  can  be  returned  to  the 
same  place  to  which  it  was  fitted,  the  pieces  of  wainscot  are 
taken  apart  and  laid  in  a  pile  preparatory  to  gluing.  Either 
the  shoulders  and  cheeks  of  the  mortises  near  the  shoulders 
or  the  tenons  near  the  shoulders  receive  the  glue,  and  the 
stiles  are  forced  into  the  rails  as  soon  as  possible  after  the 
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a  width  suitable  for  one  person  i: 
the  former  case,  the  width  may  be 
in  the  latter,  the  general  rule  pla 
2  feet  8  inches  for  communicating; 
doors.  Where  a  folding,  or  hing( 
4  feet  wide,  it  should  be  made  d< 
Since  double  folding  doors  in  ap 
able  wall  space  when  opened,  it 
sliding  doors,  or  doors  that  slide 
them  in  double  partitions.  Thi 
width  and  the  height  of  doors 
public  buildings  is  usually  1  to  2, 
to  twice  the  width,  this  being  t 
structures.  For  single  doors  in 
proportion  should  be  as  1  is  to  2j 
be  equal  to  2i  tiroes  the  width, 
and  3  ft.  X  7  ft.  6  in.,  which  ar 
proportioned.  Where  there  are 
widths  in  the  same  apartment,  it 
of  the  principal  doors  by  the  proj 
others  of  the  same  height,  which 
interior  treatment.  Where  the  \ 
sliding  doors  does  not  exceed  6  fe 
of  the  principal  doors,  but  where  i 
should  be  made  one-fourth  more  t 
a  door  8  feet  wide  should  be  10 
can  be  given  to  ."iliding  doors,  h( 
depth  that  can  be  secured  for  the 

38.  Construction  of  Doore 
wide  board  would  shrink  and  wai 
is  adopted  of  matching  several  pi 
held  in  place  and  stiffened  with 
back.  Where  such  doors  are  eve 
necessary  to  further  stiffen  the 
braces  to  prevent  them  from  sagg 
in  inferior  situations  in  the  dwelli 
when  well  made  are  strong  and  di 


ioy  Google 


JOINERY  §34 

ible  door  is  one  in  which  the  framing  is 
d  together  and  the  surface  between  the 
>uter  stiles  and  the  top  rail  is  formed 
aded  lining,  the  outer  stiles  and  top  rail 
abbeted,  to  receive  the  lining  and  the 

being  this  thickness  less  than  the  stiles. 
;  the  most  approved  form  for  general 
ety  of  beautiful  effects  are  produced  by 
it  of  molded  framing  and  molded  and 
1  the  materials  of  which  it  is  constructed, 
or,  provision  is  made  for  the  expansion 
e  wide  portions  of  the  woodwork,  caused 
rature,  and  the  portions  that  are  closely 
row  in  width  for  this  reason  and  also  to 
he  use  of  material.  The  requirements 
igid  structure  that  shall  remain  firm  and 
;  and  yet  be  sufficiently  light  in  weight 
d.  The  width  of  the  framing  should 
I  the  width  of  the  door,  and  the  bottom 

the  height;  the  thickness  will  depend 
le  of  finish  and  the  class  of  lock  to  be 
Eace  locks  are  to  be  used,  the  door  may 

thickness  than  where  mortise  locks  are 
ber  doors  may  be  li  inches  thick,  if  the 

should  not  be  less  than  H  inches  for 


I  Holdings. — The  proportions  of  the 
s  of  the  design  of  the  panels  and  mold- 
3Ject  to  great  variation.  The  lock  rail, 
ays  be  in  a  position  not  too  low  for  a 
reach  the  lock  without  stooping,  nor  too 
knob  without  reaching.  The  standard 
of  the  knob  of  the  lock  has  been  fixed 
loor.  The  lock  should  be  mortised  into 
ween  the  tenons  of  the  lock  rail  or 
them,  in  order  not  to  destroy  these 
c  is  inserted.    A  preferable  method  is  to 


ioy  Google 


r 


\34  JOINERY  25 

put  in  a  lock  panel  from  6  to  7  inches  wide  in  place  of  the 

lock  rail;  this  is  accomplished  by  practically  cutting  the  lock 

rail  in  two  in  the  width  and  inserting  a  panel  between  the 

sections,    as    shown    in 

Fi£.  18. 
The    molding    around 

the  panels  of  doors  may 

be  a  simple  ogee  worked 

on  the  edges  of  the  stiles 

and  rails  of  the  framing, 

and    when    worked    in 

this   way   is   known    as 

solid-molded.     Moldings 

of  any  desired  form  may 

be  inserted  in  the  angle 

between    the    edges    of 

the  stile  or  rail  and  the 
panel,  as  shown  in 
Fig.  20  {b),  care  being 
taken  to  see  that  the 
nails  pass  into  the  edges 
of  the  framing  and  not 
into  the  panels,  as  the 
shrinkage  of  the  panels 
would  pull  the  molding 
away  from  the  framing. 
Such  moldings  in  good 
work  should  be  glued 
to  the  edge  of  the  fra- 
ming. When  the  mold- 
ings do  not  project 
beyond    the    surface    of 

the    framing,    they   are  „ 

calied      sunk-planted,  ^'o-  w 

and  when  they   do   project   they  are  called    raised-planted. 

40.     Five-Paneled  I>oor. — The  mode  of  constructing  a 
fJve-paneled  door  is  shown  in  Fig.  IX,  in  which  certain 
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remain  close  and  intact.  When  the  stiles  ar 
the  cramps  applied,  the  wedges  /,  Fig.  18, 
fitted,  should  have  their  edges  next  to  the 
with  glue,  and  be  driven  in  tightly.  The  1 
extra  lengths  of  the  stiles  during  constructic 
to  withstand  the  pressure  exerted  when  the 
driven  in.  Otherwise,  the  wood  beyond  the 
be  forced  out  by  shearing  of  the  fiber,  thus 
joint. 

43.  l>oweieH  Framlnsr. — In  some  casi 
of  paneled  work    is 

put  together  with 
dowels,  as  shown  in 
Fig.  19.  These  dow* 
els  vary  from  I  to 
1  inch  in  diameter, 
according  to  the 
tfaiclcness  of  the  wood 
to  be  united,  but  in 
any  case  they  are  con- 
siderably thicker  than 
a  mortise  would  be 
in  the  same  mate- 
rial. Along  the  edge 
of    each    dowel,    a 

V-shaped    groove    is  '^°- " 

cut,  as    shown   at  a,  to  allow  the  air  and 
escape  when  the  parts  are  driven  together. 

44.  BlldlngDoors.— SlldlngdoorsdifE 

swinging  doors  chiefly  in  the  method  of  hangii 
the  strain  of  their  parts  is  reduced  or  increase< 
ent  methods,  a  corresponding  alteration  of  the 
framing  is  necessary.  Fig.  20  (u)  shows  one  ol 
doors,  intended  to  be  hung  from  the  top.  In 
this  manner,  the  stile  is  not  subjected  to  sucl 
when  the  door  is  hung  on  the  side.  Where  i 
hung  with  the  patent  stile  hanger,  which  bi 
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weight  on  the  stile,  particular  attention  should  be  given  the 
mortises  and  tenons  in  the  hanging  stile  to  insure  a  perfect  fit, 
as  the  slightest  loosening  would  cause  a  sag  in  the  door  and 
thus  prevent  it  from  running  smoothly. 

In  the  plan  of  this  door,  at  (i),  the  meeting  stiles  of  both 
doors  are  shown,  and,  as  will  be  seen,  the  edges  of  the  rails 
are  worked  to  fit  together  in  a  shallow  ton  gued-and- grooved 
joint.  This  preserves  the  alinement  of  the  doors  when 
closed,  and  tends  to  prevent  the  appearance  of  a  slit,  or 
crack,  between  them,  as  would  be  the  case  if  they  simply 
butted  together. 

In  opening,  the  doors  slide  into  a  pocket  d  built  in  the 
partition,  the  dotted  lines  «  showing  the  position  of  the  door 
when  it  is  in  the  pocket.  This  pocket  is  framed  and  finished 
in  the  same  manner  as  a  simple  studded  partition,  except 
that  the  studs  are  set  in  two  rows  with  a  space  between 
them,  at  d,  about  li  to  2  inches  wider  than  the  door  is  thick. 
The  jambs  of  the  door  opening  are  then  finished  with  a 
molded  trim,  which  is  let  into  the  jamb,  as  shown  at  /,  and 
is  allowed  to  project  over  the  end  of  the  pocket  to  within 
i  inch  of  the  door.  A  stop  is  provided  within  the  pocket, 
to  prevent  the  door  from  sliding  too  far  into  the  opening. 
The  hardware  on  the  meeting  stiles  of  the  door  must  be 
sunk  flush  with  the  face  of  the  stile,  so  that  it  will  not  pre- 
vent the  door  from  sliding  clearly  into  the  pocket.  Numer- 
ous sliding-door  locks  and  catches,  made  especially  for  this 
style  of  door,  are  provided  by  the  hardware  dealers. 

45<  Folding;  Doors. — FoldlngdooFsconsistof  apair  of 
single  doors  hinged  on  opposite  sides  of  the  opening.  They 
are  provided  with  a  stop-bead  or  a  rabbeted  stile,  so  that  they 
will  close  together  in  a  tight  joint  at  the  middle  of  the  open- 
ing. Fig.  21  shows  a  plan  {a)  and  an  elevation  (d)  of  a  pair 
of  folding  doors  arranged  to  meet  the  requirements  of  the  out- 
side vestibule-entrance  doors,  or  s/orm  doors  as  they  are  some- 
times termed,  of  a  frame  dwelling.  When  this  form  of  door 
is  used  as  an  inside  vestibule  door  or  a  direct- en  trance  door, 
the  panels  b,  as  shown  at  o  in  the  section  B",  taken  on  the 
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line  ff  B  oi  the  elevation,  are  usually  of  glass; 
former  case,  the  transom  onlf  may  be  glazed 
admit  light  to  the  vestibule  when  both  doors 
The  sectional  plan  A"  of  the  door  is  taken  on  thi 
and  shows  the  two  lower  panels  at  p.  The  frai 
stiles  and  rails  of  folding  doors  is  precisely  the  i 
single  swing  doors,  but  the  meeting  stiles  must  b 
as  shown  at  c,  so  as  to  provide  a  stop  against 
more  frequently  used  door  may  close. 

This  rabbeted  stop  must  be  beveled  off  sligl 
inside,  to  give  proper  clearance  to  the  outside  a 
door  when  it  is  opened.  The  amount  of  bevel  n 
order  to  accomplish  this  clearance  is  found  by 
circular  arc /A  with  a  radius  kl  equal  to  the  di 
tance  from  the  corner  *  of  the  door  to  be  clet 
center  of  the  bntt  pin  /,  and  with  a  center  at 
point.  

WINDOW  DESIGN  AND  CONSTRUCT 

46.  In  the  construction  of  a  building,  the 
window  openings  are  arranged  in  the  walls.  The; 
are  subsequently  to  be  provided  with  some  form 
frame  and  sash.  The  particular  form  in  eacl: 
depend  on  the  character  of  the  building  and  the  p 
which  the  windows  are  required.  In  residence 
the  main  object  is  to  secure  proper  light  and  vent 
some  form  of  sash  window  is  used;  while  in  store 
warehouses,  the  first-story  windows  are  usually  a: 
the  display  of  goods  offered  for  sale,  and  the  wind< 
the  character  of  a  glass  case  without  sashes  or  frai 
such  as  are  necessary  to  hold  the  glass  in  place. 

47.  Area  of  Window  Surface. — The  folli 
portions  are  given  by  different  authorities  for 
amount  of  window  surface:  (I)  One-eighth  of  tl 
face  should  be  windows.  (2)  The  area  of  glass  si 
at  least  one-tenth  of  the  floor  area.  (3)  One  sqi 
glass  should  be  allowed  to  100  cubic  feet  of  interi 
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be  lighted.  It  is  better  to  have  a  surplus  tliaii  a  deficiency 
of  light,  for  if  too  bright,  the  light  can  be  regulated  hy  blinds 
or  shades.  ' 

48.  Deslffn. — The  height  of  the  window  should  be  twice 
its  width.  Architraves  should  be  from  one-sixth  to  one- 
seventh  the  width  of  the  window  opening,  and  where  pilasters 
adjoin  architraves,  their  width  should  equal  that  of  the  latter. 
Where  consoles  are  used,  their  length  should  not  be  less 
Ihan  one-third  nor  greater  than  one-half  the  width  of  the 
opening.  The  entablature  should  be  from  one-fourth  to  one- 
fifth  the  height  of  the  opening.  Where  engaged  columns 
Hank  windows,  at  least  three-fourths  of  the  column  should 
project  beyond  the  face  of  the  wall. 

To  obtain  a  uniform  frieze  line  around  rooms  in  dwellings, 
it  is  well  to  keep  the  window  and  door  heads  equidistant 
from  the  ceiling.  Thus,  where  the  walls  are  10  or  l&i  feet 
high  and  the  doors  8  feet  high,  the  top  of  the  casing  is  from 
18  to  24  inches  from  the  ceiling.  This  space  may  be 
occupied  by  frieze  and  cornice,  or  a  picture  molding  may 
extend  around  the  room  in  line  with  the  upper  edge  of  the 
door  and  window  casings.  Where  ceilings  are  not  over 
14  feet  high,  this  same  efEect  can  be  obtained  by  introducing 
transom  sash  over  the  doors,  filling  these  with  either  chipped 
plate  glass  or  art  glass. 

The  glass  line  of  windows  in  dwellings  should  be  about 
30  inches  from  the  floor  for  principal  rooms  and  about 
36  inches  for  bedrooms.  In  all  cases,  the  heads  of  windows 
should  be  as  near  the  ceiling  as  the  construction  and  interior 
scheme  of  treatment  will  permit,  to  obtain  better  light  and 
ventilation.  The  meeting  rails  of  window  sash  should  be 
placed  not  less  than  5  feet  9  inches  above  the  floor;  other- 
wise, the  rail  will  be  on  a  level  with  the  eyes,  obstructing 
the  view  and  detracting  from  the  effect  of  the  window.  On 
this  account,  the  height  of  the  upper  sash  is  sometimes  made 
only  one-half  that  of  the  lower,  or  one-third  the  clear  height. 
For  buildings  of  any  pretensions,  it  is  a  mistake  to  cut  up 
the  sash  into  small  panes.     It  should  be  rememt>ered  that 
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windows  are  designed  for  the  purpose  of  lighting,  and  all 
obstructions  created  by  sash  bars  detract  from  the  desired 
result.  Where  the  designer  prefers  to  have  the  window  sash 
subdivided,  metallic  bars  of  zinc,  copper,  or  lead  will  be 
found  more  durable  than  wood,  and  will  not  take  up  so  much 
of  the  daylight  area. 

49.  Wlndow^  Sash. — Sash  windows  majr  be  divided  into 
two  general  classes;  namely,  fixed  sashes,  and  movable 
sasbefi.  The  latter  class  may  be  hinged,  pivoted,  or 
balanced,  as  the  case  may  require.  Window  sashes  vary  in 
thickness  according  to  their  size,  but  in  ordinary  frame 
dwelhngs  they  seldom  exceed  Ij  inches.  The  frames  for 
these  windows  are  generally  built  in  the  walls  as  the  building 
is  carried  up,  and  are  difiEerently  constructed,  according  to 
the  character  of  sash  they  are  to  carry  and  the  material  of  the 
wall  in  which  they  are  inserted. 

50.  Sashes  should  preferably  slide  vertically,  counter- 
balanced by  means  of  cord,  chain,  and  weights,  or  by  spring 
sash  balances.  Those  which  are  hinged  and  open  inwards 
cannot  be  made  water-tight,  and  those  opening  outwards  are 

-  likely  to  be  injured  by  the  action  of  wind,  so  that  for  general 
service  the  best  results  are  obtained  by  use  of  sliding  sash. 
Sash  stops  should  be  fastened  with  screws  passing  through 
slotted  sockets,  thus  preventing  the  sashes  from  rattling  and 
warping. 

51.  Window  Frame  for  Frame  D^velllng^. — In 
Fig.  22  is  shown  a  window  frame  for  an  ordinary  frame 
dwelling,  the  various  parts  of  which  are  as  follows:  In  (a) 
is  shown  a  section  through  one  side  of  the  frame,  the  stud 
at  the  side  of  the  opening  being  shown  at  a,  the  exterior 
sheathing  at  i,  the  lath  and  plaster  on  the  interior  at  e, 
the  pulley  stile  at  £■,  and  the  sash  weights  at  r.  At  /  is 
shown  the  exterior  sash  stop,  against  which  is  secured  the 
exterior  casing,  or  blind-hanging  stile,  c,  which  must  be  of  the 
same  thickness  as  the  blinds.  The  exterior  sheathing  6  is 
cut  flush  with  the  inside  of  the  stud  opening,  as  explained  in 
Carpentry.    The  casing  c  is  secured  to  the  stud  a,  through 
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the  sheathing  b,  thereby  keeping  the  pulley  stile  in  its  place 

on  the  outside,  while  the  architrave,  or  interior  casins,  j  per- 

(i>  iL'      ^o^i^s  the  same  function  on  the  other  side  oi 

_j^aljt  ,    the  wall.     The  pulley  stile  g  is  plowed  for 

jjVBffi       the  parting  strip  k,  and  in  the  groove  thus 

VWlP,      formed,    the    parting   strip   is    inserted    as 

shown,  forming  a  channel  for  the  upper  sash 

to  slide  in.    The  lower  sash  is  hung  on  the 

inside  of  this  parting  strip,  and  is  secured  in 

place  by  a  stop-bead  n.    The  stop-bead  and 

parting  strip  are  secured   in  place  on  the 

pulley  stile  by  means  of  nails  or  screws,  but 

are    left    so    that    either   may    be    readily 

removed,  and  the  sash  may  thereby  be  taken 

out  at  any  time  if  required.     The  parting 

strip  may  be  kept   in   place  simply  by  the 

tightness  of  its  fit  in  the  groove  in  the  stile, 

but  the  stop-bead  should  be  screwed  to  the 

pulley  stile. 

52.  In  Pig.  22  {b)  is  shown  a  vertical 
section  of  the  frame  through  the  sill  and 
other  details  of  the  lower  part  of  the  window. 
The  sill  m  is  inclined  at  a  pitch  of  about 
Ij  inches  to  the  foot,  and  its  outer  edge 
rests  on  the  sub-sill  /,  which  is  inclined  at  a 
similar  angle  and  has  its  under  side  grooved 
to  receive  the  upper  edge  of  the  clap- 
boards g  or  shingles  covering  the  side  of 
the  house.  At  &  is  shown  the  inside  casing. 
or  apron,  as  it  is  frequently  termed,  which 
is  attached  to  the  back  of  the  sill  m  and 
which,  with  the  sill  cap,  forms  the  inside 
finish  of  the  lower  part  of  the  window. 
W  The    inside    casing,   or    architrave,   /.    as 

Fio.  ffl  shown  in  the  sectional  plan  at  j,  rests  on 

the    sill    cap    shown    over   the   apron   t/.      The    sub-sill    / 
receives  the  bottom  of  the  window  frame  on  the  outside  of 
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the  house;  on  it  rests  the  exterior  casing  c', 
in  the  sectional  plan  at  c,  and  which  frame 
opening  on  the  outside  in  the  same  manner  as  d 
on  the  inside.  Both  the  sill  and  the  sill  c: 
beyond  the  casings  c  and  j,  and  are  relume 
walls,  as  shown  at  o  in  the  plan  (a). 

53.  In  Pig.  22  (r)  is  shown  the  elevation 
face  of  one  of  the  pulley  stiles.  The  lower  par 
stile  I'  m'  is  cut  out  to  receive  the  ends  of  thi 
sill — the  sill  extending  through  the  entire  th' 
stile  from  /'  to  p\  and  the  sub-sill  extending 
2  inches  beyond  the  face  of  the  stile  at  m'.  The  j 
plowed  to  receive  the  parting  strip  h  is  sbov 
depth  of  the  cut-out  portion  V  p^m'  k'  is  equal  t 
the  groove  «,  and  as  shown  at  w',  the  groove 
bottom  of  the  stile.  The  upper  part  of  the 
grooved  at  b  to  receive  the  window  head,  imm 
which  are  placed  the  two  pulleys  x^x^  one  1 
These  pulleys  are  let  into  the  face  of  the  sti 
face  plates  are  flush  with  the  inside  of  the  f 
wheels  extend  through  to  the  interior,  as  si: 
the  side  elevation  {e)  of  the  stile.  The  depth 
to  receive  the  window  head  is  i  inch,  as  shi 
material  from  v  to  w  extends  2  inches  abov 
head,  to  permit  the  fitting  of  the  frame 
opening. 

kX  st  in  the  elevation  (.e)  is  shown  an  o 
weight  box,  known  as  the  pocket.  This  openin 
permit  easy  access  to  the  weights,  in  case  of  i 
sash  cords,  and  is  closed  by  means  of  a  beve 
secured  in  place  by  screws.  In  the  elevation 
stile  at  {e) ,  the  pocket  cover  is  shown  at  ^  /',  : 
lines  on  which  the  ends  are  beveled  to  secure  i 
The  upper  bevel  at  /'  is  notched  over  the  sh: 
the  head  of  the  screw  inserted  in  the  back  c 
shown  at  /'.  The  lower  bevel  j'  is  then  secun 
bevel  of  the  pocket  by  means  of  a  screw  d 
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through    the    face   of    the    cover,   as    shown   at   i   in   the 
elevation   (c). 

54.  In  Fig.  22  id)  is  shown  a  section  through  the  win- 
dow head  at  the  center  of  the  opening.  Here,  the  stud  «'  is 
shown  in  its  position  at  the  top  of  the  frame  opening,  while 
the  window  head  ^'  is  shown  2  inches  below;  these  2  inches 
permit  projections  of  the  stiles,  shown  in  («)  at  vw,  to  be 
fitted  to  the  top  of  the  opening.  The  inside  trim  /"  is  then 
secured  across  the  opening  between  the  stile^  and  the  stud  a', 
and  the  outside  trim  ^  is  laid  over  the  exterior  casing  i/  and 
extends  to  the  sheathing  at  the  edge  of  the  framed  opening 


at  ff*.  A  cap  member  should  be  placed  over  the  upper 
edge  of  the  outside  casing  to  shed  the  water,  as  shown  iD 
Pig.  33  (c),  or  a  cap  flashing  of  tin,  copper,  or  lead  may  be 
turned  up  2  inches  under  the  siding,  lapped  over,  and  turned 
down  an  inch  on  the  face  of  the  casing,  with  the  lower  edge 
securely  nailed. 

This  practically  completes  the  description  of  the  parts  of 
the  frame  for  any  single  window  in  a  frame  building  such  as 
shown  in  Fig.  23;  when,  however,  windows  are  coupled  in 
pairs  or  triplets,  a  dividing  member  a.  Fig.  24,  called  a  mu/- 
iion,  must  be  included  in  the  frame,  as  hereinafter  described. 
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55.     Construction    for    Wood    Wall. — In    Fig.    25    is 
shown  a  view  of  a  window  frame  with  sliding;  sash,  adapted 
for  a  frame  building.     The  pulley  stile  a  may  be  from  ij 
to   1b    inches   thick,    and    should    be,   though   not   always, 
tongued  into  the  blind  stop  &  and  the  plaster  casing  c,  each 
of  which  is  i  inch  thick.     These  tongues  make  the  stiles 
rigid,  preventing  them  from  deflecting  sidewise  when  the 
sashes  are  being  operated.     An  open  space  of  from  2  to 
2i  inches  is  left  between  the  back  of  the  pulley  stile  and  the 
rough  stud,  thus  forming  a  box  for  the  weights,     A  mov- 
able pocket  for  the  in- 
sertion of   the  weights 
is  cut  out  of  the  lower 
portion  of   each  pulley 
stile   on  the  inside,   so 
that  it  may  be  covered 
by  the  lower  sash.     The 
parting  strip  rf  is  i  or 
I  inch  thick,  and  passes 
into    a    groove    |    to 
i  inch  deep  iu  the  pul- 
ley stile.     The  outside 
casing   e,   li    in.    thick 
X  5  in.  wide,  is  firmly 
nailed  through  the  i-inch 
blind  stop  into  the  pulley 
stile   and   to  the  S-inch 

wall  sheathing.     The  io-  '''°-  ^ 

ner  face  of  the  window  frame  is  finished  with  a  casing  /,  which 
may  be  of  any  style  of  finish— in  this  case,  by  an  architrave,  the 
width  being  sufficient  to  cover  the  plaster  joint.  The  sash 
stop  ^,  from  i  to  4  inch  thick,  is  secured  with  round-headed 
screws  passing  through  slotted  sockets  for  adjustment. 
The  members  g-.d,  and  i  should  be  kept  in  line,  their  pro- 
jection beyond  the  face  of  the  pulley  stile  being  regulated 
by  the  thickness  of  the  sash  stop. 

The  sill  A,  from  li  to  If  inches  thick,  is  tongued  into  the 
pulley  stiles  and  well  nailed.    Sills  are  sometimes  made  with 


itizecoy  Google 


88  JOINERY  §S4 

a  straight,  inclined  surface  instead  of  being  worked  with  two 
fascias,  as  shown.  When  water  collects  on  the  sill,  it  is 
readily  drawn  under  the  lower  rail  «  of  the  saSh  by  capil- 
larity, or  it  may  be  driven  in  by  wind;  by  raising  the  surface 
under  the  sash  above  the  level  of  the  outer  portion,  and  rtin- 
ning  a  small,  rounded  groove  in  the  fillet,  the  effect  of  the  wind 
is  to  divert  the  water  outwards.  Under  k  is  placed  the  stib- 
sill  I,  li  inches  thick,  which  is  attached  to  the  pulley  stile  and 
likewise  grooved  for  the  reception  of  the  beveled  siding  /. 

For  durable  work,  the  window  frames  should  be  put 
together  with  stiff  white-lead  paint,  particularly  adjacent 
to  the  sill  and  sub-sill.  The  sashes  *  are  made  from  If  to 
li  inches  thick.  Strength  is  added  to  the  upper  sash  by  the 
elongation  of  the  stile,  forming  a  molded  horn  /,  as  by  this 
device  the  tenon  of  the  meeting  rail  m  can  be  made  to  equal 
its  thickness.  The  meeting  rails,  If  to  1%  inches  thick, 
according  to  width  of  opening,  may  be  double-  or  single- 
beveled,  as  shown,  so  that  they  will  come  tightly  together 
when  closed.  The  lower  rail  n  may  be  from  3  to  4i  inches 
wide,  and  should  be  accurately  fitted  to  the  sill;  the  outer 
edge  should  be  clear  about  i  inch,  but  the  inner  portion 
should  be  in  contact  with  the  sill,  thus  preventing  the  ready 
passage  of  water.  The  inner  face  should  be  rabbeted  and 
beveled  to  fit  the  edge  of  the  stool  o.  The  stool  should  be 
rabbeted  to  form  an  air-tight  joint  and  should  be  bedded  in 
white  lead.  An  apron  ^  is  fixed  to  the  edge  of  the  sill  and 
a  plaster  ground  q,  and  is  finished  with  a  bed  mold  as 
shown.  The  length  of  the  apron  should  be  equal  to  the 
width  from  out  to  out  of  casings,  and  have  the  moldings 
returned  on  same. 

56.  Construction  tor  Masonry  Wall. — In  Fig.  26  is 
shown  a  box-frame  wlndow^  suitable  for  a  stone  or  a  brick 
wall.  The  general  design  and  construction  of  the  frame  and 
sash  are  similar  to  that  shown  in  Fig.  25,  the  only  changes 
being  in  parts  that  must  be  adapted  to  a  new  condition. 

In  brick  walls  it  is  customary  to  set  the  window  frames  dur- 
ing the  erection  of  the  walls,  thus  facihtating  the  plumbing 
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T  care  heme  taken  to  brace 
them  plumb  and  level.  By 
3  1  iticti  wider  than  the  i-inch 
3  firmly  held  in  place  after  the 
c,  made  of  3-inch  plank,  is  (or 
lime  mortar,  or,  for  first-class 
3  white  sand.  The  groove  in 
ts  the  formation  of  a  mortar 
1  practically  air-tight.     Unless 


htest  shrinkage  or  warping  of 
of  air  and  water.  A  i-inch 
ched  to  the  inner  i-inch  frame 
;ady  for  trimming,  thuscover- 
:  window  stool,  or  seat,  /  rests 
:d  into  the  sill,  thus  providing 
tion.  The  stool  is  generally 
in  g.  The  jamb  lining  h  is 
ig,  and  the  opening  is  trimmed 
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with  a  casing,  as  at  i,  nailed  to  the  lining  k  and  the  rabbeted 
plaster  ground  /.  A  hanging  stile  k  in  brick-set  frames  is 
attached  before  setting,  but  where  outside  blinds  are  not 
used,  an  angle  mold  may  be  substituted. 

57.     In  stone  walls,  window  frames  are  not  usually  set 
until  the  building  is  roofed  and  is  either  prepared  for  the 
plastering  or  has  the  plastering  completed.     There  are  two 
reasons  for  this,  the  principal  one  being  the  difficulty  expe- 
rienced in  setting  jamb  stones  and  lintels  while  the  frame  is 
in  position,  and  the  second  that,  with  all  due  care,  the  frames 
are  more  or  less  damaged  during  building  operations  and  are 
never  so  true  to  line,  level,  and  plumb  as  those  set  in  place 
after  the  walls  are  completed.     When  set  in  this  latter  order, 
it  is  necessary  to  incase  the  masonry  openings  with  screeds, 
or   wooden    strips,  carefully   alined   and   plumbed   and   so 
arranged  as  to  allow  for  a  bed  of  haired  mortar  i  inch  thick 
around  the  jambs  and  window  head.     The  frames  are  secured 
by  means  of  holdfasts,  or  wall  plugs.     When  set  in   this 
manner,  the  casing  d.  Pig.  26,  is   not 
required,  unless  the  interior  trim  is  of 
a  material  different   from  that  of  the 
window  frame. 

58.  Hulllons. — A  mullion  is  sim- 
ply a  division  placed  between  two 
sashes.  With  sliding  sashes,  the  mul- 
lion must  contain  the  weight  box,  but 
with  hinged  sashes  it  need  be  no  more 
than  a  bar  against  which  the  sashes 
may  close  or  on  which  they  may  be 
''"'■  "  hinged.     The  former  kind  is  illustrated 

in  Fig.  27,  which  shows  a  horizontal  section  through  the 
mullion  a  in  Fig.  24. 

Inasmuch  as  the  mullion  may  contain  four  weights  (two 
for  each  pair  of  sashes),  instead  of  two  weights,  as  in  the 
box  of  a  single  window,  the  inside  trim  a.  Fig.  27,  and 
the  outside  trim  c  must  be  somewhat  wider  than  the  same 
details  are  in  a  single  frame. 
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The  pulley  stiles  h,  the  stop-beads  c,  and  the  parting 
strips  e  are  detailed  in  precisely  the  same  manner  as  in  a 
single  frame,  but  as  the  distance  between  the  stiles  b  is  from 
4  to  6  inches,  in  order  to  accommodate  the  weights  rf,  the 
casings  must  be  proportionately  wider  to  cover  the  joints. 
The  pocket  in  the  pulley  stile  may  exist  on  one  side  of  the 
mullion  only,  as  access  to  all  four  weights  can  thereby  be 
readily  attained.  The  sill  of  the  window,  however,  is  not 
gained  into  the  pulley  stile  of  the  mullion,  as  is  the  case 
with  the  single  frame  shown  in  Pig.  22;  instead,  the  sill  and 
the  window  head  each  extend  as  one  piece  across  both 
openings,  and  each  is  grooved  to  leceiTe  the  mullion  pulley 
stiles. 

59.  Window  Frame  With  Interior  Trim. — When  a 
window  frame  is  required  for  insertion  in  the  opening  of  a 
brick  or  a  stone  wall  to  be  subsequently  finished  on  the  inte- 
rior, the  details  must  be  carefully  considered  in  order  to 
make  the  frame  ful&l  the  requirements.  Fig.  28  (a)  shows 
the  interior  elevation  of  such  a  window;  {b),  a  horizontal 
section;  U),  a  vertical  section;  and  (rf),  a  section  through 
one  of  its  pulley  stiles.  In  the  horizontal  section  {b),  the 
weight  boxes  with  the  details  of  their  construction  are  shown 
at  /.  The  brick  wall  g  is  12  inches  thick,  with  a  reveal  at  g" 
of  4  inches.  At  k  is  shown  the  outside  lining,  into  a  groove 
of  which  is  tongued  the  pulley  stile  i,  which  in  turn  is,  in  a 
similar  manner,  let  into  the  inside  lining  j.  These  three 
pieces  form  a  box  /,  in  which  are  hung  the  two  sash  weights  k, 
sometimes  separated  by  a  wooden  tongue  /,  so  as  to  prevent 
them  from  striking  together  when  the  sash  is  raised  or 
lowered.  This  tongue  is  only  used  when  the  weights  are 
large,  or  the  space  for  weights  is  limited.  The  weight 
box  is  closed  by  the  back  lining  m.  The  pulley  stile  i  is 
grooved  to  receive  the  parting  bead  o,  which,  with  the  i^-  or 
t-inch  projection  of  the  outside  lining  A,  secures  the  upper 
sash  in  its  place  and  provides  a  way  in  which  it  may  slide. 
The  parting  strip  may  be  of  hardwood  from  i  in.  X  1  in. 
to  t  in.  X  iJ  in.  in  section.     The  lower  sash  slides  inside 
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of. the  partioGf  strip  and  is  secured  in  place  hy  means  of  the 
stop-bead  p. 

In  the  angle  between  the  outside  HniTig  k  and  the  brick 
reveal  jr"  is  placed  a  casing  g  to  which  outside  blinds  or 
shutters  may  be  hung^  though  sometimes  it  is  of  some 
special  design.  The  jamb  lining  d  is  secured  to  the  inside 
lining  J  and  extends  to  the  floor;  the  architrave,  or  trim,  c, 
is  attached  to  it,  and  by  covering  the  ground,  binds  the 
plaster  joint  at  r. 

The  lop  of  the  window  frame  is  shown  in  Fig.  28  (c). 
Here,  the  exterior  casing,  or  angle  mold,  is  mitered  in  the 
comer  and  is  carried  across  the  top  of  the  window,  as  shown 
at  g",  while  the  outside  lining  is  butted  in  the  comer  and 
carried  across  the  top  of  the  opening,  as  shown  at  k'.  The 
window  head  t'  is  let  into  the  pulley  stiles  and  plowed  to 
receive  the  parting  strip  o'.  The  stop-bead/' is  mitered  in  the 
angle  and  returned  across  the  top  of  the  frame,  thus  covering 
the  joint  between  the  window  head  i'  and  the  inside  casing  </'. 
The  pulleys  m'  are  the  same  as  in  the  former  case,  and  the 
pocket,  as  shown  at  x'g',  gives  access  to  the  weights. 

The  outer  edge  of  the  sill  s'  rests  on  the  stone  sill  »'. 
There  is  also  a  break,  or  step,  in  the  thickness  of  the  sill 
where  the  stop-bead  meets  it.  When  set,  the  sill  is  laid  on 
a  bed  of  mortar  spread  over  the  stone  sill  w',  and  this  mortar, 
being  forced  up  into  the  groove  shown  at  /',  makes  a 
perfectly  water-tight  joint  between  the  two  sills. 

Prom  the  sill  to  the  floor,  on  the  inside  of  the  window,  the 
wall  is  covered  by  a  fianei  back,  or  breast,  as  shown  in  the 
elevation  (a)  at  w.  The  stiles,  rails,  and  muntins  of  this 
panel  back  are  grooved  on  their  edges  and  mortised  and 
tenoned  together,  as  are  also  the  same  details  in  the  doors. 
The  lower  rail  is  scribed  to  the  floor,  and  the  upper  rail  is 
capped  by  the  wooden  sill  of  the  window,  as  shown  in  the 
section  (c).  A  molding  is  then  set  into  the  angle  between 
the  sill  of  the  window  and  the  rati  of  the  panel  back,  and  thus 
finishes  the  joint.  The  stiles  of  the  panel  back  are  consid- 
erably wider  than  shown  at  (a),  as  they  extend  beyond  and 
behind  the  jamb  Uoing. 
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60<  Sashes.  —  In  construction,  sastiea  v&rj  slightly, 
according  to  the  manner  in  which  they  are  hung  and  the 
character  of  the  building  for  which  they  are  intended.  Sashes 
of  ordinary  dimensions  are  from  Ij  to  la  inches  in  thickness, 
with  the  bottom  rail  Si  to  4  inches  in  width,  while  the  stiles 
and  top  rail  are  2  inches  in  width.  The  meeting  rails  of 
double-hung  sashes  are  usually  IS  inches  wide,  and  are 
beveled,  as  hereafter  described,  to  insure  a  tight  joint. 

Sasbes  that  are  to  be  glazed  with  heavy  plate,  glass  should 
be  at  least  2  inches  thick,  and  should  have  a  bottom  rail 
4  or  5  inches  wide. 

The  outside  dimensions  of  window  sashes  depend  largely 
on  the  regular  market  sizes  of  glass,  it  being  economical  to 
use  glass  in  sizes  that  can  be  procured  without  cutting  to 
waste. 

61.  Watep-Tlght  Sash. — Unless  properly  constructed 
and  kept  thoroughly  well  painted,  the  edge  of  the  lower  sash 
of  all  windows  suffers  from  the  action  of  capillarity.  Whet^ 
a  film  of  water  is  allowed  to  form  between  the  sill  of  the 
window  frame  and  sash,  as  shown  in  Fig.  29,  it  readily  fol- 


FiO.  2>  Pio.  30 

lows  the  vertical  grain  of  the  stiles,  while  the  action  of  the 
wind  will  keep  packing  the  rain  drops  until  the  inner  sill  is 
also  made  wet.  This  may  be  prevented  by  forming  a  groove 
on  the  sill  of  the  window  frame  and  also  on  the  lower  edge 
of  the  sash,  as  shown  in  Pig.  30. 

62.     Triple  Windows. — Considerable  difficulty  is  some- 
times experienced  in  providing  a  means  for  controlling  the 
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movable  sashes  of  a  triple  \rtndoTr  having  two  stationary 
side  sashes,  a  double-bung  center  window,  and  mullions  as 
narrow,  for  instance,  as  2i  inches,  as  shown  in  Fi£.  31. 
There  are  several  ways  of  overcoming  this  difficulty,  how- 
ever. The  easiest  method  is  to  use  spring  sash  balances, 
the  mortises  for  which  should  not  be  deep  enough  to  cut 


through  the  mullions.  But  as  these  appliances  are  rather 
expensive  and  not  always  satisfactory,  the  sashes  may  be 
hung  with  pulleys  and  weights,  as  shown  in  the  figure.  In 
{a)  is  shown  an  outside  view  of  the  upper  part  of  such  a 
window,  while  in  id)  is  shown  the  working  system,  which 
needs  no  explanation.  Clean,  neat  holes  for  the  sash  cords 
should  be  bored  into  the  yoke,  and  ordinary  pulleys,  over 
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which  the  cords  pass  to  the  weight  boxes  at  the  sides  of  the 
entire  frame,  are  screwed  face  downwards  over  them.  A 
wider  space  than  usual,  say  2}  inches,  should  be  left  between 
the  yoke  and  the  framing;  and  the  inside  architrave  over 
this  pocket  should  be  fastened  with  screws,  so  that  the 
puUeys  can  be  reached  in  case  they  get  out  of  order. 

63.  Window  Glass. — In  Table  I  are  given  the  sizes  of 
window  glass  and  the  number  of  panes  in  a  box.  While 
many  other  sizes  are  made,  those  given  in  the  table  are  car- 
ried in  stock  by  the  average  hardware  merchant.  A  box  is 
supposed  to  contain  50  square  feet  of  glass. 

64.  Large  plate-glass  windows  are  usually  designed  to 
have  the  sash  pivoted  at  the  center  of  the  top  and  bottom 
rails,  if  the  sash  is  for  one  pane,  and  is  too  heavy  to  balance 
with  weights;  or,  if  a  muntin  or  pair  of  meeting  stiles  down 
the  center  is  not  an  objectionable  feature,  the  sash  may  be 
of  the  form  known  as  the  French  casemenls,  where  the  two 
sashes  are  hinged  to  the  frame  and  meet  and  lock  together 
in  the  middle  like  a  pair  of  folding  doors. 

65.  Sash  Uaklng;. — Like  all  framed  work  in  joinery, 
aash  maklnfl:  is  preceded  by  the  preparation  of  a  measuring 
rod,  on  which  are  laid  out  the  various  dimensions.  Fig.  32 
shows  a  pair  of  sashes  for  a  double-hung  window,  the  lights 
of  which  are  to  be  8  in.  x  10  in,  A  rod  of  proper  length,  as 
shown  at  {a),  is  first  prepared  as  follows:  On  one  side  of 
the  central  dividing  line  is  laid  off  the  distance  ae,  equal  to 
the  width  of  the  bottom  rail,  which  in  this  case  is  3i  inches. 
Prom  ff  to  /  is  laid  o9  i^  inch  for  the  rabbet,  and  from  /  to  i 
is  measured  lOiV  inches  for  glass;  ik  is  then  laid  ofT  A  inch 
for  rabbet,  and  //  is  laid  off  i  inch  for  the  tongue  of  the 
astragal;  kj  is  then  made  iV  inch  for  rabbet,  and  jm  is  laid 
off  iWr  inches  for  glass.  The  A-inch  rabbet  is  again 
laid  off  from  m  to  /,  and  lo  is  made  li  inches  for  the  meet- 
ing rail.  The  upper  sash  is  then  laid  out  in  the  same  way — 
a  rabbet  of  iV  inch  at  on,  an  opening  for  glass  of  lOiV  inches 
at  nr,  another  A-inch  rabbet  rp,  a  i-incb  tongue  rs,  a  rab- 
bet ts,  A  light  sv,  and  a  top  rabbet  vu;  ub  is  then  made 
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2  inches  for  the  width  of  the  top 
rails  are  tenoned  into  the  stiles,  i 
OD  the  rod  for  a  relish. 

On  the  other  side  of  the  bar,  f 
the  width  are  laid  off  in  the  sai 
each  made  2  inches  for  the  wid 
are  then  laid  off  for  rabbet,  and 
i  inch  for  the  length  of  the  tenc 
xg  are  then  made  8iV  inches  for 
made  i  inch. 

66.  In  Fie.  32  {b)  is  shown 
U)  the  interior  elevation  of  the  : 
positions.  The  upper  and  lowei 
into  a  mortise  in  each  stile,  as  : 
secured  by  means  of  A-inch  pins 
the  way  through  the  stiles,  and 
of  the  sash  shown  at  ^'.  The 
into  a  mortise  sunk  into  each  si 
into  the  wood,  as  shown  at  o'.  T 
tailed  to  the  stiles,  as  shown  at  f" 
and  the  vertical  astragals  are  morl 
rails,  and  are  themselves  mortis' 
the  cross-bars,  as  described  later 

In  Fig.  32  (<^)  is  shown  the  tc 
the  center  of  which  is  sunk  the 
on  the  ends  are  shown  the  ten 
mortises  in  the  stiles.  The  mole 
is  not  mitered  in  the  angle,  b 
molding,  as  shown  at  b  and  dei 

67,  In  Fig.  82  («r)  is  shown  a  : 
rails,  which  illustrates  the  meth 
on  the  stiles  to  insure  a  satisfact 
rails  are  first  planed  down  to  i 
This  would  cause  them  to  occt 
abed tOiAefgky  but  they  are  afi 
line  j  k,  as  explained  hereafter. 

'  of  the  upper  sash  and  the  uppe 
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lower  sash  are  then  dovetailed,  as  shown  at  adlm  and  nopg 
and  at  srek  and  vbtu;  the  dovetail  pins  tmno  and  utrs  are 
then  cut  on  the  meeting  rails,  and  insure  a  joint  that  will  be 
unlikely  to  work  loose  or  shrink  out  of  place  after  the  sashes 
are  hung.  On  the  outside  of  the  lower  rail  of  the  upper 
sash,  a  rabbet  wxm\s  cut  to  receive  the  gflass;  and  on  the 
under  side  of  the  upper  rail  of  the  lower  sash,  a  groove  uy 
is  plowed  to  receive  the  upper  edge  of  the  glass  in  this 
lower  sash. 

The  thickness  of  the  stiles  of  the  sash  is  on];  1 }  inches 
from  a'  to  1/  or  from  c'  to  (/*,  while,  as  stated  before,  the 
meeting  rail  extends  nearly  i  inch  beyond  this,  or  close  to 
the  edge  of  the  parting  strip.  When  the  sashes  are  hung, 
the  edge  of  each  meeting  rail  is  planed  off  to  the  line  j  k. 
Thus,  when  the  sashes  are  closed  in  the  position  shown  in 
the  illustration,  the  beveled  edges  will  act  as  a  wedge,  and 
by  insuring  a  tight  joint  will  tend  to  prevent  the  sashes  from 
rattling. 

68.  In  Fig.  32  ig)  is  shown  a  plan  of  one  of  the  hori- 
zontal bars  mortised  into  a  vertical  one,  thus  dividing  the 
sash  into  four  parts.  At  ^  is  shown  the  projection  of  the 
tenon  that  enters  the  mortise  in  the  side  of  the  sash,  while 
the  molding  on  the  sash  bar  is  cut  out  to  cope  over  the 
molding  on  the  stile,  as  shown  at  b.  The  vertical  bar  is 
also  similarly  coped  and  mortised  into  the  top  and  bottom 
rails  of  each  sash,  while  at  its  center  a  mortise  is  cut 
through  the  stuff  to  receive  the  tenons  on  the  middle  ends  of 
the  horizontal  sash  bars. 

This  is  more  clearly  shown  in  (h),  where  abed  is  a  section 
through  the  vertical  bar  at  the  center  of  the  joint.  At  efgh 
is  shown  the  portion  that  is  cut  through  to  receive  the  tenons 
of  the  sash  bar,  and  at  f  *  and  //  are  shown  the  mitered 
edges  of  the  upper  portion  of  the  square  section  of  the  bar. 
These  parts  are  so  joined  as  to  present  a  neat  appearance, 
as  well  as  to  insure  a  perfect  joint.  The  upper  part  of  the 
bar  mn  is  cut  out  to  cope  over  the  molded  part  of  the  bar 
atd/,and  the  tenono/^ris  inserted  in  the  mortise  f/f  A 
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but  extends  only  half  way  through  it,  or  to  the 
leaving  the  other  half  of  the  mortise  etuA  foi 
the  other  half  of  the  horizontal  bar. 

The  portion  rs  then  butts  against  the  rib  i 
whole  is  secured  in  place  by  the  pressure  of 
the  sash  against  the  outer  ends  of  the  horizont 

Mortising  the  horizontal  bars  into  the  stiles 
precisely  the  same  manner  as  mortising  inti 
bar,  the  molded  portion  being  coped  and  the 
part  let  into  the  mortise. 

69.  At  a"  in  the  side  elevation,  Fig.  32  (i 
round  hole  i  inch  in  diameter  and  i  inch  deep. 
this  is  bored  into  the  sides  ot  each  sash  ji 
middle,  so  as  to  receive  the  knot  of  the  sash  < 
extend  over  the  pulleys  to  the  balance  weights 
box.  A  groove  i  inch  wide  and  i  inch  dee; 
extending  from  the  top  of  the  sash  to  c"  is  cut 
to  lie  in;  and  a  hole  I  inch  in  diameter,  bored  1 
}-incb  hole  at  a",  as  shown  by  the  dotted  line 
the  cord  in  place  and  prevents  the  knot  from  s 
the  hole  at  a". 

At  *"/"  in  this  side  elevation  (*)  is  shown 
the  parting  bead  in  its  position  relative  to  tt 
will  be  readily  seen  that,  as  the  meeting  rails 
extend  beyond  the  interior  and  exterior  faces 
and  lower  sashes,  respectively,  the  beveled  po 
rails  must  be  notched  out  on  the  ends  to  E 
parting  bead. 

70.  When  all  the  parts  of  a  sash  are  made 
vertical  and  horizontal  bars — the  whole  fra 
together  with  bench  clamps,  and  wedges  dippe 
driven  in  on  each  side  of  the  tenons  i'.  Fig 
mortises  are  made  i  inch  wider  on  the  outstd 
inside  of  the  stiles,  to  make  room  for  the  wed( 
driven  until  the  joint  is  closed  tight.  Holes  i 
eter  are  now  bored  through  each  mortise  and 
each  dovetail  joint,  and  wooden  dowels  dippe 
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driven  throueh  the  joint  to  secure  it,  as  shown  at  v/.  Barbed 
steel  or  iron  pegs  are  often  used  instead  of  wooden  dowels. 
When  the  clamps  are  removed,  the  faces  are  smoothed  and 
made  read;  for  fitting  into  the  frames. 

71.  Glazing. — Sashes  should  alwa3ra  receive  one  coat 
of  paint  before  they  are  glazed.  This  is  done  in  order  to 
prevent  the  wood  from  absorbing  the  oil  from  the  putty  with 
which  the  glass  is  fixed  in  place,  and  thereby  rendering  the 
putty  brittle  and  inadhesive. 

In  glazing  the  sash,  the  rabbet  is  first  prepared  by  spread- 
ing a  thin  layer  of  putty  along  the  glass  bearing.  This 
forms  a  cushion  against  which  the  panes  of  glass  rest,  and 
they  are  partly  secured  by  means  of  small  triangular  pieces 
of  zinc  or  tin,  called  glazing  brads,  which  are  driven  into  the 
wood  against  the  face  of  the  glass.  Putty  is  then  spread  in 
the  rabbet,  to  form  a  triangular  fillet  and  permanently  hc^d 
the  glass  in  place.  This  putty  extends  to  the  outside  of  the 
rabbet  and  up  the  face  of  the  glass  to  within  Vs  inch  of  the 
daylight  opening.  The  back  putty  that  has  squeezed  out 
between  the  pane  and  the  glass  bearing  is  then  scraped  off 
fiush  with  the  daylight  opening,  and  the  sash  is  set  aside  to 
await  its  second  coat  of  paint. 

If  a  pane  of  glass  is  curved  slightly,  it  should  be  placed 
with  its  convex  face  to  the  weather,  and,  if  warped  so  that 
its  surface  is  not  even,  it  should  not  be  forced  to  a  full  bear- 
ing in  the  rabbet,  but  should  be  permitted  to  lie  naturally  in 
place.  Any  unevenness  should  be  taken  up  in  the  bearings 
by  back  puttying — that  is,  the  space  between  the  glass  and 
the  bearing  face  of  the  rabbet  is  filled  with  a  thin  layer, of 
putty,  against  which  the  uneven  surface  of  the  glass  may  rest. 

72.  Fitting  and  Hanging  Saah.— To  fit  and  bang  the 
sash  in  the  window  frame,  it  is  first  necessary  to  remove  the 
stop-bead  and  parting  strip  and  then  fit  the  upper  sash  so 
that  it  slides  easily  between  the  pulley  stiles.  The  parting 
strip  is  then  replaced,  and  the  sash  is  secured  in  place  by 
nailing  a  couple  of  wooden  blocks  under  it.  The  lower  sash 
is  then  similarly  fitted.    The  lower  rail  of  the  sash  is  then 
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planed  off  imtil  the  meeting  rails  rest  snugly  together,  as 
required. 

In  providing  weights  for  the  sashes,  the  pair  for  the  upper 
sash  must  be  at  least  half  a  pound  heavier  than  the  weight 
of  the  sash,  while  for  the  lower  sash  the  weights  ni,ust  be  at 
least  half  a  pound  less  than  the  weight  of  the  sash.  This 
half-pound  excess  in  the  upper  weights  and  in  the  lower 
sash  tends  to  keep  the  sashes  close  and  tight  against  the 
window  head  and  the  sill. 

To  hang  the  sash,  the  pockets  must  be  opened  by  unscrew- 
ing and  removing  the  covers.  The  sash  cords  are  carried 
over  the  pulleys  b;  means  of  a  piece  of  light  but  strong 
string.  Previous  to  inserting  the  cords  this  light  string  is 
forced  over  the  pulley  and  drawn  down  within  the  box  by 
means  of  a  lead  weight,  called  a  mouse,  which  is  small  enough 
to  go  over  the  pulley  sheave,  and  also  heavy  enough  to  carry 
the  string.  The  sash  cord  is  then  made  fast  to  the  weight, 
and,  with  the  top  sash  resting  equally  on  the  sill,  the  weight 
is  pulled  up  to  the  pulley,  and  the  cord  ,is  cut  off  just  long 
enough  to  permit  a  knot  to  be  tied  at  the  required  point. 
When  both  weights  for  the  upper  sash  are  thus  attached,  the 
sash  is  removed  from  the  frame  far  enough  to  permit  the 
cord  to  be  pushed  down  through  the  groove  and  the  hole 
shown  at  g"  h".  Fig.  32  (*),  and  a  knot  is  tied  to  prevent  it 
from  pulling  out.  By  the  use  of  metallic-cord  grips,  knots 
on  the  ends  of  the  sash  cord  are  not  required,  but  care  should 
be  taken  to  have  the  grip  of  a  size  to  properly  fit  the  cord. 
When  both  heights  and  both  cords  are  thus'  attached,  the 
sash  is  replaced  in  the  frame  and  pushed  up  and  down  a  few 
times  to  test  its  efRctency.  The  lower  sash  is  then  hung  in 
a  similar  manner.  When  both  sashes  are  hung  and  are  found 
to  slide  satisfactorily,  the  stop-bead  is  replaced  and  secured, 
and  the  pocket  is  closed  and  screwed  up  tight,  to  prevent  the 
cover  from  catching  on  the  lower  sash. 

73.  French  Windows. — As  previously  mentioned, 
hinged  sashes  are  divided  into  two  general  classes;  namely, 
those  hinged  at  the  sides,  and  those  hinged  at  the  top  or 
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bottom.  The  first  named  are  usually  hung  in  pairs,  closing: 
At  the  center  with  rabbeted  meeting  stiles  in  much  the  same 
way  as  a  pair  of  folding  doors,  and  are  called  French  case- 
ments,  from  the  country  of  their  origin. 

Pig.  33  shows  the  plan  (a),  elevation  (^),  and  section  U) 
of  a  French  window,  together  with  the  general  details  of  its 
construction.  In  the  plan  (a)  are  shown  the  double  studs  b 
forming  the  sides  of  the  frame  opening,  over  which  the 
sheafhing  d  is  laid  on  the  outside,  and  the  grounds  £■  and 
lath  and  plaster  i  on  the  inside.  Extending  through  the 
opening,  from  the  sheathing  to  the  grounds,  are  the  jambs  a, 
the  joints  of  which  are  covered  on  the  outside  by  the  casing, 
or  blind-hanging  stile,  c,  and  on  the  inside  by  the  trim  /. 
Between  these  jambs,  the  two  sashes  are  hinged  and  tongued 
into  the  jambs,  as  shown  at  x;  the  comers  of  the  stiles, 
however,  are  rounded,  as  shown,  to  permit  them  to  clear  the 
groove  in  opening.  The  sashes  are  hung  with  small  hinges, 
and  the  meeting  stiles  are  rabbeted  in  the  same  manner  as 
are  folding  doors,  as  shown  at  An,  to  enable  them  to  make 
a  tight  joint  When  closed. 

In  the  vertical  section  U)  taken  through  the  center  of  one 
of  these  sashes,  the  rough  sill  of  the  stud  opening  is  shown 
at  a,  while  the  window  sill  resting  on  the  veranda  floor  is 
shown  at  c.  This  sill  covers  the  bottom  of  the  opening  from 
the  veranda  floor  to  the  inside  of  the  tower  sash  rail  /.  This 
sash  rail  is  grooved  on  its  under  side,  as  shown  at  e,  and  the 
sill  is  worked  with  a  shoulder,  the  front  of  which  is  also 
grooved,  as  shown  at  e',  while  the  top  of  it  is  beveled  off  at 
the  same  pitch  as  the  sill.  The  groove  in  the  front  of  the 
shoulder  c'  tends  to  prevent  water  from  being  blown  into 
the  crack  during  a  rainstorm,  and  the  slanting  sill  and  the 
grooved  lower  rail  permit  the  moisture  to  drip  off  the  latter 
and  run  to  the  outside  of  the  opening. 

At  £•  is  shown  the  section  of  the  middle  bar  of  the  window, 
which  may  also  be  seen  in  the  elevation  at  g",  and  at  A  is 
shown  the  top  rail  of  the  hinged  sash  and  the  lower  rail  of 
the  fixed  transom  sash  if  over  it.  The  hinged  sasb  is  only 
6  feet  6  inches  in  height,  as  this  is  sufficient  to  permit  the 
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the  points  so  established,  perpendiculars  to  a'  < 
fr'^h'^,  etc.,  are  erected.  On  these  perpend 
off  n' ^  and  n' f/  equal,  respectively,  to  no  am 
/'  /  equal  to  im  and  i  g,  f  k"  and  /  r'  equal  to 
These  measurements  are  taken  from  the  pi 
perpendiculars  from  the  subdivisions  of  the 
intersect  the  curved  lines  aoa  and  tpi,  shown 
the  sill.  Curved  lines  drawn  through  the  i 
^.g',l'  and  o',m',^,^,^,a'  will  describe  the 
flat  piece  required  to  conform  to  the  shape  ' 
bead  when  bent  around  a  semicircular  form  i 
The  method  of  bending  this  semicircular  hea 
in  subsequent  articles. 

3.  The  construction  of  a  sash  whose  plan 
of  a  circle,  and  whose  head  is  a  semicircle,  is  si 
it  is  designed  to  fit  the  curved  window  frame 

The  most  satisfactory  way  of  constructing 
is  to  form  it  of  two  pieces,  each  piece  being  a 
and,  as  each  of  these  quarter  circles  will  hav 
curve,  it  will  be  necessary  to  prepare  a  fa< 
which  to  mark  out  the  curve.  To  do  this,  firs 
fli.  Fig.  2,  on  the  concave  side  of  the  sash,  fn 
edge  to  the  center,  and  on  the  convex  side  di 
parallel  with  a  b  and  tangent  to  the  sash  at  u; 
perpendicular  to  ab.  The  rectangle  ab" dc  t: 
the  thickness  and  width  of  plank  required  t< 
piece  of  the  top  rail.  Now,  divide  the  curve 
of  the  elevation  of  one-half  the  window  heai 
number  of  equal  parts  by  points  f',  and  from 
points  draw  lines  parallel  with  the  center  lim 
ing  abaXr,  I,  etc.;  and  from  these  points  of  inl 
the  lines  bg,  rj.tl,  etc.,  and  the  line  dt,  all 
to  a  b.  Lay  off  on  these  lines  the  distances  b 
Im'.  1 1,  etc.,  equal,  respectively,  to  t/c',  i/b', 
and  through  the  points  thus  established  draw 
and  nm'd'.  Then,  the  curved  form  algd'n. 
face  mold  that  must  be  applied  to  and  scribe 
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from  which  the  half-sash  head  is  to  be  sawed.  The  shaded 
portion  at  gi  shows  the  waste,  or  surplus,  that  must  be 
removed  in  order  to  permit  the  two  quadrants  to  meet  in  a 
proper  butt  joint  at  be.     This   surplus  is  removed  on  the 
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bevel  shown  at  d,  which  is  the  angle  cdg  formed  by  the 
intersection  of  the  tangent  line  tn/ with  the  prolongation  of 
the  perpendicular  center  line  b'  b. 

The  dotted  curved  line  on  the  concave  side  of  the  face 
mold  shows  the  amount  of  extra  width  required,  owing;  to 
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the  fact  that  the  head-piece  is  sawed  squarely  through  the 
wood.  The  plank  from  which  the  sash  head  is  to  be  cut  is 
first  planed  on  its  inside  edge,  to  conform  with  the  bevel 
shown  at  d.  The  face  mold  is  then  set  to  the  ed^e  of  this 
bevel  on  both  sides  of  the  plank  and  marked,  and  the  surplus 
wood  is  then  cut  away  to  the  lines,  as  marked.  The  convex 
and  concave  edges  of  the  circular  head  on  the  plan  lines 
ac'eb  and  n" peb  will  then  have  the  proper  shape  and  angle. 
The  dotted  line  on  the  concave  edge  shows  the  relative 
position  of  the  curves  n"  d'  and  pd"  on  the  inside  and  outside 
of  the  sash  in  the  projected  elevation.  A  perpendicular  line 
drawn  from  p  gives  the  amount  of  the  warp  or  twist. 

4.  It  now  becomes  necessary  to  make  two  patterns  that 
may  be  applied  to  the  finished  convex  and  concave  edges  of 
the  circular  top  rail,  in  order  to  mark  the  convex  face  line  of 


the  sash.  To  prepare  these  patterns,  first  draw  a  line  a  b. 
Fig.  3;  on  it  lay  off  the  distances  a  d,  dg,  etc.  equal  to  the 
divisions  a' g',  g'g',  etc.  on  the  convex  side  of  the  sash 
head  a'  6',  Pig.  2,  and  from  these  points  erect  the  perpendic- 
ulars ac,  rf/,  gi,  etc.,  equal,  respectively,  to  ge,  hs,  kv,  etc., 
Fig,  2.  Then,  through  the  points  e,  f,  t,  etc..  Fig,  3,  draw  a 
curved  line,  which  will  be  the  line  required  on  the  convex 
face  of  the  sash  head.  Before  applying  this  pattern  to  the 
sash  head,  it  will  be  necessary  to  trace  another  curve  lehb, 
which  will  act  as  a  guide  in  placing  the  pattern  in  position  for 
scribing.  To  do  this,  a  I,  de,gk,  etc.  are  laid  off  equal  to 
gb,  hr,  kl,  etc..  Fig.  2,  and  the  curve  bkei.  Fig.  3,  is  then 
drawn  through  the  points  so  located.  The  pattern  bklcik 
is  then  cut  out,  and  is  bent  around  the  convex  edge  of  the 
rough-sawed  window  head  abdc.  Fig.  2,  in  such  a  position 
that  bhel  corresponds  with  the  inside  line  of  the  plank,  as 
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g.  2.  The  outside  curve  ki/c  is  then  scribed  on 
ad,  and  will  conform  to  the  carve  required, 
r  pattern  must  trace  this  same  curve  on  the  con- 
)f  the  sash  head.  On  the  line  w  k.  Fig.  4,  are 
:  distances  ko,  or,  etc.  equal  toc'f,  etc.,  on  the 
Je  of  the  window  head  in  Fig.  2,  and,  on  the 
ar  lines  raised  from  these  points,  the  distances 
,oq,rs,rl,  etc.  are  laid  o£E  equal,  respectively. 
r,hs,kt,kv,  etc..  Fig.  2.  The  curves  traced 
J  points  nqtx&nA  mpsw,  Fig.'4,  will  then  form 
for  the  concave  side  of  the  window  frame.  This 
it  be  applied  in  the  same  manner  as  the  pattern 
1  Fig.  3  is  applied  to  the  outside,  the  line  mpsm 
to  conform  to  the  straight  line  n  *  of  the  concave 
sash  shown  in  Fig.  2. 

itterns  may  be  cut  out  of  either  strawboard  or 
zinc,  so  that  they  may  be  readily  bent  to  the 


es  of  the  top  rail.  The  pattern  shown  in  Fie.  3 
und  the  outside  of  the  top  rail,  pressed  closely, 
rarily  tacked  into  place,  keeping  Ic  to  the  joint 
:  lehb  to  the  straight  face  of  the  plank  marked  a  b 

in  Fig,  2,  the  convex  face  Hue  clik  being  then 

the  sash  head.  The  pattern  shown  in  Fig.  4  is 
the  same  manner  to  the  under,  or  concave,  side 
ii  head,  keeping  the  line  mn  to  the  joint  and 
i  curve  M^;>r  on  the  outside,  or  front,  edge  of  the 

surplus,  or  overwood,  is  then  planed  off  to  the 
:s  so  marked  on  the  sash  head,  always  working 
1  a  direction  parallel  with  the  joint  line  g-tf.  Fig.  2. 

is  done  and  the  convex  face  of  the  frame  is 
le  scratch  gauge  is  set  to  the  thickness  of  the 
'  inner,  face  of  t|ie  sash  is  gauged 
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from  the  outside.  The  overwood  is  then  removed  as  before, 
moving  the  plane  in  the  same  direction  and  finishing  carefully 
to  the  scribed  lines, 

The  two  quadrants,  each  representing  one-half  the  sash 
head,  are  now  doweled  together,  as  shown  at  b  and  f.  Fig.  5, 
and  secured  with  a 
hand-rail  bolt  in  the 
center,  as  shown  at  a 
and  a',  to  bring  them 
into   close   contact,  ^"■' 

while  a  dowel  in  each  of  the  two  opposite  corners  at  ^  serves 
to  keep  the  pieces  in  proper  alinement.  The  pieces  are  then 
glued  together,  and  the  moldings  are  worked. 

5.  The  arch  bar  may  be  sawed  out  of  a  single  piece  of 
plank  in  the  same  manner  as  each  half  of  the  window  head, 
or  it  may  be  bent  in  one  or  more  thicknesses  of  wood,  laid 
out  from  a  pattern  drawn  as  follows:  The  concave  side  of 
the  arch  bar.  Fig.  2,  is  divided  into  a  number  of  equal  parts 
by  points  k,  i,},  etc.,  from  which  perpendiculars  are  dropped 
to  the  plan,  intersecting  it  at  z',  s;  y',  y;  x',  x;  etc.  At  any 
convenient  point  above  the  plan,  a  horizontal  line  vw  is 
drawn,  intersecting  the  perpendiculars  at  A',  /',  m',  etc.  Now, 
on  a  line  a  b.  Fig.  6,  the  points  v,  k,  i,j  are  laid  off  on  each 
side  of  the  perpendicular  center  line  cv  aX  a  distance  from 
each  other  equal  to  vk. 


\ 


,  ij,  etc..  Fig.  2.  From 
these  points,  the  lines  jx, 
iy,  k  z,  etc.  are  drawn  per- 
pendicular to  a  b,  and  the 
distances  yj:',  j x,  iy',  iy, 
ks',  hz,  etc.  are  laid  off  on  these  perpendiculars  equal, 
respectively,  to  the  distances  m' x',  m' x,  I'y',  I'y,  h'z', 
h'  z,  etc.,  Fig.  2.  Through  the  points  o,  z',  y',  x',  etc.  and 
c,  z,  y,  x,  etc.,  curved  lines  are  drawn,  giving  the  proper 
shape  for  the  front  and  back  edges,  respectively,  of  a  plank 
that  is  lo  be  bent  over  a  prepared  center  to  form  the  semi- 
circular arch  bar  of  the  sash. 
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is  sash  head  have  different  ctirres, 
i.  No.  1  is  straight,  as  it  is  in  the 
:e,  and  is  parallel  with  the  axis  ol 
:urved  front  of  this  window  forms 
I  the  arc  of  a  circle,  the  radius  of 
3f  the  window  plan,  because  it  is 
:ylinder  of  which  the  curved  front 
'ever,  being  parallel  with  neither 
;s  a  diagonal  direction  around  the 
i  is  therefore  curved  to  the  form 

d  from  which  this  elliptical  curve 
nk  for  the  radial  bar,  proceed  as 
h  of  the  radial  bar  in  Fig.  2  into 
by  the  points  i',  «',  p',  ^,  etc.,  and 
perpendicular  line  intersecting  the 
'  r" ,  y  s",  etc.  Then;  on  a  horizon- 
off  the  distances  y  »,  np,  pq,  etc., 
:.,  Fig.  2,  and  lay  off  on  the  per- 
:u]ars  erected  at  these  points  the 
ces  i/ h,  nr,  ps,  etc.,  equal  to 
,  r"  f",  s"s',  Fig.  2;  then,  through 
oints  A,  r,  s,  t,  u,  draw  a  curve, 
will  give  the  outside  line  of  the 
iside  line  of  the  face  mold  is  then 
through  the  points  A',  r",  s*,  etc., 
make  the  distances  A  A',  rr',  s^, 
i  of  the  sash  on  the  lines  x"'x", 
wn  on  plan  in  Fig.  2. 


1    8TRIMOBB  CUTS 

imple  method  of  finding  the  bevel 
The  bevel  is  applied  to  the  upper 
,  so  that  only  one  cut  is  necessary, 
the  riser.  On  the  outside  face  of 
8  mark  cuts  for  treads  and  risers, 
1  with  a  d  and  at  a  distance  /  from 
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a  d  equal  to  the  thickness  of  the  stringer,  draw  the  line  be.  At 
point  b,  draw  the  line  be  square  across  the  upper  edge  of  the 
stringer,  and  connect  c  and  a.  Then,  bac  is  the  bevel  angle 
required.  At  a'  is  shown  a  bevel  applied  to  the  upper  edge 
to  mark  oft  the  line  o»^-  whilp  stt  t  is  shown 
the  appearance  of  the 
riser  mitered  to  the  s 


SPIiAYED  W 

8.  In  joinery,  sp] 
is  the  term  applied  to 
cases  in  which  some 
of  the  surfaces  slope, 
or  slant,  away  from 
or  toward  other  sur- 
faces, such  as  the 
sides  of  a  pyramid. 
Such  work  is  fre- 
quently encountered 
in  the  jambs,  sills,  or 
sides  of  windows  or 

doors,  or  in  the  sides  of  any  piece  of  work  placed  in  an 
oblique  direction  to  a  horizontal  or  vertical  plane. 

9.  Fig.  9  shows  a  box,  the  sides  of  which  splay  out  from 

the   bottom    abc    to 

^  the  top  del.    To  find 

the    angles   required 

in   the    construction 

of  a  square   box,  or 

hopper,    such    as    is 

shown  in  Fig.  9,  all 

four  of  whose   sides 

splay  equally,   pro- 

'^•'■'  ceed  as  follows:    Let 

he.  Fig.  10,  be  the  required  splay  and  position  of  the  sides 

of  a  box  in  relation  to  the  horizontal  plane  ds,  and  ab  the 

thickness  of  the  material  from  which  the  box  is  to  be  made; 
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,  the  angle  pn I  is  the  angle  of 
3,  holding  the  stock  of  the  bevel 
;k  beveled  to  the  angle  mnfi  will 
connecting  faces  of  the  box.     If 


it  off  horizontally,  as  at  cd  or  fa, 
of  these  edges  from  the  face  £d 
)Ugh  the  thickness.  An  angle  of 
le  face  on  either  beveled  edge  cd 
r  through  the  thickness. 


;  this,  instead  of  squaring  across 
le  angle  c/a  or  da  f;  also,  instead 
or  the  pins,  use  the  angle  chj. 
ing  the  miter  joint  on  the  square 
The  miter  joint  is  the  same  as 
ramid  formed  by  the  continuation 
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of  the  edges  ab  and  dc  UDtil  they  iDtersect  at  the  center  o. 
Let  abc4el  be  a  vertical  section  through  the  center  of  the 
box.  Lay  off  ap  perpendicular  to  nf  and  equal  to  half  the 
length  of  the  outside  edge  ad;  connect  po\  then,  apo  is 
t-he  required  miter  bevel  to  be  applied  from  the  outside  face. 
The  application  of  the  miter  bevel  from  the  inside  edge  is 
shown  in  Pig.  12  (a),  and  the  bevel  for  the  butt  joint,  in  (b). 


CUKTKD  BUTEBS 

11.     To  miter  a  straight  and  circular  molding,  the  straight 
molding  to  be  tangent  to  the  circular  one:     Lstot/ii',  Fig.  13, 


Pro.  u 
be  the  circular  molding,  and  x  a  cross-section  of  it;  let  Ji* 
r'r  be  a  straight  molding,  with  the  same  cross-section  x. 


itizecoii  Google 


i,  Google 


i,  Google 


r. 


S36 


BENDING  WOOD 

14.  When  a  surface  must  present  a  curved  form,  the 
wood  may  be  bent  around  it  by  any  one  of  five  methods; 
namely,  by  saw  kerling,  keying;,  backing  a  veneer,  laminating, 
or  'steaming. 

15.  Saw  Kertlng. — As  attw  kerftng  is  less  costly 
than  other  methods,  it  is  often  adopted.  The  method  is  not 
to  be  recommended,  however;  it  makes  a  weak  constructiou, 
and  no  matter  how  perfectly  the  work  may  be  done  or  how 
well  it  may  be  painted,  the  saw-kerf  marks  will  always  show. 
For  hardwood  moldings,  the  method  should  never  even  be 


considered,  and  for  curved  work  of  any  kind,  solid  molding 
should  always  be  used. 

A  center  built  to  the  desired  diameter,  or  curve,  over  which 
the  material  may  be  ben;,  and  which  will  stay  permanently  " 
and  accurately  in  its  curved  form,  is  absolutely  necessary 
with  any  of  the  methods  just  mentioned.  In  Fig.  16,  the  rib 
a  be  used  for  a  center  is  composed  of  three  pieces  of  li-inch 
plank.  This  rib  is  made  concave  on  its  inner  edge,  merely 
because  it  is  sometimes  an  advantage  (when  it  can  be  done) 
to  clutch  the  bent  stuff  and  the  rib  with  handscrews,  as 
shown.  Blocks,  as  shown  at  d,  extend  the  power  of  hand- 
screws  considerably  beyond  the  width  of  the  jaws,  and  are 
therefore  exceedingly  useful.     The  staves  of  wood  o  of  any 
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length  required  are  nailed  to  the  rib  a  6  c,  and  form  the  circular 
surface  of  the  center. 

To  find  the  distance  between  saw  kerfs  that  will  allow  the 
material  to  bend  to  the  curve  ^  required,  take  a  piece  of  stuS 
of  a  suitable  len^^th  and  equal  to  the  thickness  of  that  which 
is  to  be  bent,  as  at  W  a',  and  let  a'  ^  be  equal  to  the  radius  o£ 
the  curve  to  which  it  is  to  be  bent.  Make  a  saw  kerf  at  c'  d, 
leaving  a  thickness  ef  a'  from  i  to  <  inch  uncut;  nail  the  piece 
at  t,  I,  and  move  it  from  f  to  s,  or  enough  to  just  close  the 
saw  kerf  at  e';  then,  b'  s  will  be  the  given  distance  between 
two  saw  kerfs.  The  distance  a' f>' to  be  uncut  must  be  gauged 
along  each  edge  of  the  stuff  to  be  bent,  and  the  same  saw 
mustbeused  with  which  the  cut  tr'y  was  made.  In  this  method 
of  bending,  a  thin  veneer  is  first  laid,  and  the  saw-kerfed 
piece  is  then  bent  over  it  and  glued  to  the  veneer.  This  is 
the  better  method  of  treatment  in  saw  kerfing,  but  the  saw 
kerfs  may  also  be  cut  in  the  convex  face  of  the  stock,  and 
when  bent  over  the  center,  a  veneer  may  be  glued  over  the 
convex  surface  to  secure  it. 

16,  Keying. — Pig.  17  shows  another  method  ot  treating 
material  that  must  be  bent.  In  this  method,  known  as 
key Ingr,  grooves  of  an  even  depth,  as  shown  at  a,  are  made 


in  the  back  of  the  stuff  at  suitable  intervals  (found  as  directed 
for  space  between  saw  kerfs),  leaving  an  interior  thickness 
of  £  or  i  inch,  depending  on  the  radius  of  curvature.     These 
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grooves  are  filled  with  well-fitted  wooden  strips,  called  keys, 
plenty  of  glae  having  first  been  brushed  into  the  grooves 
and  over  the  keys.  Two  strips  of  veneer  from  3  to  4  inches 
wide  are  glued  and  nailed  over  the  convex  face  of  the  bent 
piece  near  each  edge,  and  thus  tend  to  strengthen  the  worlc 
materially.  The  ribs  of  the  center  shown  in  Fig.  17  are  in 
four  parts,  with  bracing  pieces  nailed  over  each  joint  as  shown. 
17.  Backingr  a  Teneer.— Bending  by  backing:  a 
veneer,  the  third  method,  is  shown  in  Fig.  18.  Enough 
wood  is  planed  from  the  baclc  of  the  stuff  to  be  bent,  to  leave 
a  veneer  of  the  proper  thickness  and  length  between  rr,  the 
circumference  of  the  semicircle;  then,  when  bent  over  the 


center,  the  thickness  is  filled  out  as  required  by  fitting  and 
gluing  cylindrical-faced  staves  v  on  the  back  of  the  veneer. 
These  staves  are  made  a  trifle  long,  and  each  one  after  being 
fitted  and  glued  has  a  long  screw  driven  through  its  thick- 
ness to  the  center,  near  each  end,  to  hold  it  down  and  keep 
it  in  place  until  all  are  fitted  and  glued.  To  increase  the 
strength  of  this  curved  piece  of  work,  before  taking  it  off 
the  center,  the  joints  may  be  united  by  hardwood  dowels, 
glued  and  driven  in  as  shown  at  a. 

18.  laminated  Carved  Work.— The  fourth,  or  lami- 
nating method,  as  shown  in  Fig.  19,  is  a  mode  of  bending 
and  gluing  together  several  layers,  as  shown  at  a,  to  make  up 
the  required  thickness.  These  layers  should  all  be  fixed  and 
glued  over  the  center  at  one  operation,  and,  if  possible,  left 
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there  several  days  to  dry  out.  This  is  by  far  the  stroneest 
and  best  method  oE  all  for  most  purposes,  but  it  will  not  do 
for  moldings,  as  the  hardwood  edges  when  cut  into  will 
show  the  streaks  of  glue;  this,  however,  would  not  be 
objectionable  where  the  work  is  to  be  painted. 

19.     8teamln§r> — The    fifth    mode    of    bending    is    by 
BteamlniT.     Some  woods  bend  easily  when  steamed,  but  . 
all  must  be  handled  with  rapidity  after  steaming,  allowing 
no  time  for  cooling  until  after  the  work  is  secured  to  tht 
center.     A  good  steam  box  of  suitable  size  should  be  pre- 


pared, and  wet  steam  must  be  used,  since  dry,  superheated 
steam  makes  wood  brittle  but  not  flexible. 

To  find  the  thickness  of  white  pine  (without  preparation) 
that  may  be  bent  without  injuring  its  elasticity,  multiply  the 
radius  in  feet  of  the  curvature  required  by  the  decimal  .05, 
and  the  product  will  be  the  thickness  in  inches.  For  exam- 
ple, take  a  5-foot  radius;  multiplyiiig  this  by  the  given  decimal, 
the  thickness  that  will  bead  without  fracture  is  5  X  .05  =  .25, 
or  i,  inch.  

VENEERING 

20.  Hardwoods,  such  as  oak,  ash,  rosewood,  etc.,  cannot 
be  used  in  joinery  work  if  the  pieces  are  of  any  considerable 
dimensions  unless  they  are  backed  up  with  some  lighter  or 
more  reliable  wood  that  is  less  affected  by  moisture  or 
change  of  temperature.     The  hardwood,  therefore,  is  usually 
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cut  into  thin  slabs  and  glued  to  a  piece  of  pine  or  other 
soft  wood  in  such  a  manner  that  the  finished  work  has  the 
appearance  of  a  solid  block,  while  in  reality  its  interior,  or 
core,  is  of  an  entirely  different  material.  This  process  is 
called  veneering,  and  the  thin  stabs  of  hardwood  are  called 
veneers.  It  is  a  mistake  to  suppose  that  veneering  is 
resorted  to  as  a  matter  of  economy,  to  save  the  cost  of  solid 
wood.  Hardwoods  are  liable  to  warp  or  twist  out  of  proper 
shape;  especially  is  this  the  case  with  doors  built  of  solid 
hardwood.  Therefore,  in  order  to  make  a  good  door  and 
to  secure  the  decorative  elegance  in  color  and  grain  of  the 
hardwoods,  it  becomes  absolutely  necessary  to  employ 
veneering  in  door  making.  Veneering  when  properly  exe- 
cuted with  good  glue,  will  last  as  long  as  the  wood  on  which 
it  is  laid. 

It  is  not  good  practice  to  use  two  kinds  of  wood  in  veneering 
a  door;  as,  one  face  mahogany  and  the  other  oak;  or  maple  . 
and  cherry;  oak  and  black  walout;  etc.  The  varying  condi- 
tions of  heat  and  moisture  act  differently  on  the  two  kinds  of 
wood,  and  the  doors  have  a  tendency  to  warp.  This  is  equally 
the  case  with  a  door  where  one  face  is  in  a  warm  room  and  the 
other  face  is  constantly  exposed  to  different  atmospheric  con- 
ditions, even  though  both  sides  of  the  door  are  veneered  alike. 
If  only  one  side  of  a  panel  is  veneered,  it  will  curl  badly  when 
dry;  consequently,  both  sides  should  be  veneered. 

The  choicest  and  most  beautiful  veneers  are  cut  from  the 
crotches,  and,  also,  with  some  woods,  from  the  roots  of  the 
trees,  where  the  grain  is  gnarled,  mottled,  and  attractively 
intermingled.  These  choice  veneersare  used  on  the  surfaces 
of  panels,  and  are  highly  polished  to  bring  out  the  beautiful 
natural  changes  and  color  qualities  peculiar  to  the  wood;  this 
is  relieved  by  the  less-polished  plain  surface  of  the  frame- 
work. The  frame,  or  stiles  and  rails,  is  invariably  veneered 
with  plain,  straight-grained  veneers  finished  flat. 

21.'  There  are  several  valuable  accessories  to  good 
veneering  that  must  not  be  overlooked.  The  first  of  these 
is  a  £;ood  heating  box  of  a  length  and  width  sufficient  for 
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long  and  short  materials.  Such  a  box  may  be  cheaply  con- 
structed of  plank,  and  lined  with  tin,  with  its  cover,  or  lid, 
in  three  sections.  The  box  should  be  piped  and  heated  by 
steam;  or,  in  the  absence  of  steam,  it  may  be  heated  con- 
veniently by  a  6-inch  stovepipe  carried  through  it  length- 
wise. In  all  cases,  heated  cauls  are  used  against  veneers  to 
keep  the  glue  hot,  so  that  the  wood  may  the  belter  absorb  it. 
During  the  several  hours  required  for  the  glue  to  set,  the 
caul  also  distributes  the  pressure  of  the  handscrews  on  the 
whole  surface  of  the  veneers  evenly.  A  caul  is  a  piece  of 
wood  or  other  suitable  material,  curved  or  straight,  as  the 
case  may  be,  made  to  fit  the  surface  to  be  veneered.  When 
used  for  door  stiles  or  panels,  a  thickness  of  1  inch  will  be 
sufficient  for  the  caul,  but  its  width  and  length  should  never 
be  less  than  that  of  the  material  to  be  veneered.  To  pre- 
vent the  caul  from  sticking  to  the  veneer,  it  should  be 
coated  with  beeswax  or  paraffin;  or,  in  the  absence  of  these 
substances,  brown  paper  cut  to  size  and  laid  between  the 
veneer  and  the  caul  will  serve  the  purpose.  Brown  soap  is 
sometimes  used,  but  it  frequently  stains  the  wood. 

22.  In  door  making,  the  core  should  be  clear  white  pine. 
The  stiles  are  built  up  of  several  strips,  the  grain  of  each 
reversed  with  reference  to  that  of  the  adjacent  piece,  and  all 
glued  together.  The  edges  of  the  stiles,  shown  at  (a)  and  {b) 
in  Fig.  20,  have  hardwood  strips  h  glued  on  to  form  the  outer 
edges.  The  stile  is  then  faced  straight  out  of  wind  and  is 
well  scratched  lengthwise  by  means  of  a  toothed  plane;  the 
veneer  should  also  be  scratched.  The  glue  should  be  well 
cooked — if  burned  it  is  useless — of  a  good  body  and  not  too 
thick;  plenty  of  it  should  be  brushed  on  the  surfaces  that  are 
to  be  in  contact,  as  the  wood  absorbs  considerable  of  it. 

In  Fig.  20  (a)  is  shown  a  section  through  a  door  stile 
such  as  described;  the  caul  is  shown  at  a  against  the 
veneer  b,  while  the  core  is  shown  at  c.  Several  stiles  or 
rails  may  be  veneered  at  one  time  with  only  outside  cauls, 
but  paper  should  be  placed  between  the  veneers.  The 
veneers  should  be  tacked  in  two  or  three  places  to  keep 
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them  in  position  until  clamped  together  with  handscrews, 
which  should  be  spaced  not  more  than  6  inches  apart;  in 
fact,  they  can  liardly  be  put  too  close  together.  The  hand- 
screws  are  placed  at  opposite  sides  alternately,  to  insure  an 
even  pressure  on  both  edges  that  will  drive  the  glue  into 
the  pores  of  the  wood.  In  paneled  work,  where  hardwood 
moldings  are  used,  it  is  desirable  to  avoid  the  use  of  nails 
to  secure  the  moldings  in  place. 

At  /,  Fig.  20  (a),  is  shown  a  pine  strip  glued  into  the 
groove  of  the  door  stile,  against  which  the  panel  moldings  £" 
are  mitered  and  glued  at  ee;  then,  the  polished  panels  are  set 


in  place  at  d,  and  the  other  face  of  the  door  is  molded  and 
glued  to  e'e'.  Another  example  of  door-stile  molding  and 
panel  is  shown  in  (l>).  The  panel  a  is  usually  made  of  the 
same  kind  of  wood  as  the  veneer,  but  plain.  Sometimes,  how- 
ever, the  raised  face  dcis  veneered  with  choice  wood  of  finely 
marked  grain,  polished  and  finished  before  it  is  placed  in  the 
door.  All  plain-faced  material  may  be  clamped  and  veneered 
together  in  quantities,  as  shown  in  Fig.  20  (c).  The  core 
pieces  c  are  separated  by  layers  of  paper  placed  between  the 
veneer  faces,  as  shown  at  d,  and  one  operation  with  the  hand- 
screws  and  the  two  cauls  a  is  sufficient  to  secure  the  whole. 


itizecoyGo'Ogle 


22  JOINERY  §35 

23.  Thin  veneers  are  often  found  in  a  badly  crumpled 
condition.  In  this  case,  they  must  be  sponged  with  hot 
water  and  squeezed  gradually  and  evenly  with  handscrews 
between  plain-surfaced  cauls,  and  then  allowed  to  stand  until 
they  are  in  a  fit  condition  to  be  laid.  Sometimes,  the  same 
effect  is  accomplished  by  placing  heavy  weights  on  a  caul 
over  the  moistened  veneers. 

24.  In  order  to  join  two  pieces  of  thin  veneer,  they 
must  be  cut  with  a  sharp  knife  guided  by  a  perfect  straight- 
edge. The  pieces  are  laid  on  a  plane  surface  with  paper 
underneath,  and  are  tacked  at  a  convenient  distance  on  each 
side  of  the  joint  in  such  a  way  as  to  draw  the  two  pieces 
together.  .  Then,  a  strip  of  strong  manila  paper  is  glued  over 
the  joint,  and  the  veneer  is  placed  on  a  suitable  straight 
strip  of  wood  under  heavy  pressure  and  allowed  to  remain 
until  the  glue  is  dry.  In  laying  this  jointed  veneer,  the 
papered  side  must  be  laid  outwards.  After  the  veneer  has 
been  laid  and  the  glue  has  become  thoroughly  dry  the  paper 
may  be  slightly  sponged  and  removed  with  the  scraper. 

25.  The  veneering  of  a  small,  circular  column  may  be 
accomplished  with  the  appara- 
tus shown  in  Fig.  21.    Here,  a 

sheet  of  tin  is  used.  This  sheet 
has  cleats  securely  nailed  to  each 
end,  by  means  of  which  hand- 
screws  can  be   made  to   press 


Fio.  n  Pio.  ss 

the  heated  tin  caul  and  veneer  tightly  to  the  surface  of  the 
column.     The  tin  should  be  about  J  inch  shorter  than  the 
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center,  describe  the  temicircle  of  the  base  cd.  Divide  the 
semicircle  into  any  number  of  equal  parts,  and  mark  these 
parts  twice  on  the  unfolded  base  line  c  A;  connect  ki\  then, 
ckte  will  be  the  shape  and  exact  length  of  the  veneer  and 
also  of  the  caul.  The  caul,  however,  must  be  made  to  come 
together  at>out  \  inch  short,  as  previously  explained. 


BLINDS  AND  SHUTTERS 

27.  In  order  to  prevent  the  strooE:  sunlight  from  stream- 
ing through  the  windows  of  a  dwelling  or  other  structure, 
these  openings  are  usually  provided  with  blinds  or  staut- 
tei-s,  which  may  be  of  several  different  forms  or  combina- 
tions  of  two  or  more  forms.  Blinds  are  divided  into  two 
general  classes;  namely,  inside  blind$  and  outside  blinds.  The 
former  may  be  either  folding  blinds  or  rolling,  or  Venetian, 
blinds,  while  outside  blinds  are  nearly  always  of  the  same 
general  pattern.     Blinds  solidly  paneled  are  called  shutters. 

The  method  of  construction  in  each  case  is  influenced 
largely  by  atmospheric  conditions,  but  the  general  principle 
is  the  same  in  all  cases.  Inside  blinds  are  usually  made  of 
hardwood  to  match  the  trimming  of  the  room  containing 
them,  while  outside  blinds  are  nearly  always  framed  of  pine 
and  painted  to  protect  them  from  the  elements.  Outside 
blinds  must  also  be  constructed  with  consideration  of  the  fact 
that  they  are  likely  to  be  subjected  to  rather  rough  usage 
through  the  influence  of  high  winds  and  rapid  changes  of 
temperature. 

28.  Inside  foldlnK  blinds  make  a  very  neat  as  well  as 
a  most  useful  fltting  for  the  inside  of  a  window,  and  they 
should  be  so  arranged  that,  when  closed  into  their  box,  the 
exposed  leaf  will  show  a  panel  flnish  on  the  inside  of  the 
room,  as  shown  at  d.  Fig.  24  (a).  These  leaves  are  usually 
folded  into  a  square  jamb,  as  shown  in  the  plan.  Pig.  24  (^), 
although,  when  circumstances  will  permit,  they  are  folded 
into  a  splayed  opening,  such  as  is  shown  in  (c),  in  which 
case  the  panel  work  shows  up  to  better  advantage  and  the 
room  is  rendered  lighter. 
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banging  stile,  as  shown  at  n,  while  the  slatted  blinds  /  are 
hineed  to  ff,  so  that  the  knuckle  of  the  binge  is  entirely 
within  the  edge  of  the  stile  of  g.  This  method  of  hanging 
permits  the  blind  /  to  swing  back  sufficiently  from  the  edge 
of  the  stile  to  secure  it  from  any  danger  of  catching  on  or 
against  the  edge  of  the  architrave,  or  the  shutter  stop  v, 
when  the  leaves  are  closed  into  the  box,  as  shown  at  B.  This 
is  still  further  accomplished  by  making  the  leaf  /  }  inch  nar- 
rower than  the  leaf  g,  so  that  there  will  be  no  tendency  for 
it  to  become  jammed  in  the  box.  The  rabbeted  joint  between 
the  two  leaves  g  and  j  is  only  f  inch  deep,  and  is  provided 
simply  to  secure  a  light,  tight  joint. 

39.  When  the  jambs  of  the  window  are  splayed,  as  shown 
in  Pig.  24  {c),  there  is  only  a  slight  difference  in  the  con- 
struction of  the  blinds  themselves,  although  the  box  requires 
a  little  extra  attention.  At  the  outside  edge  of  the  box,  on 
the  side  next  to  the  window,  the  extra  hanging  stile  b'  is 
introduced,  to  provide  a  proper  depth  at  the  front  edge  of 
the  box  for  the  paneled  shutter  l^  to  shut  into.  Without 
this,  the  leaf  would  close  back  no  further  than  in  the  square 
jamb  shown  in  Fig.  24  (b),  unless  the  edge  was  beveled  to 
suit  the  splay.  The  box  jamb  d'  is  also  necessary  at  the 
inner  side  of  the  box,  to  form  a  satisfactory  slop  for  the 
shutter  and  to  make  a  neat  finish  to  the  box  itself.  In  splayed 
window  jambs,  the  blind  ^,  which  folds  inside,  must  be  made 
from  li  to  2  inches  narrower  than  the  exterior  shutter  A'. 

30.  When  inside  blinds  are  required  for  a  window,  it  is 
first  necessary  to  lay  out  a  measuring  rod,  with  the  stiles, 
rails,  and  panels  marked  as  described  for  the  framing  of 
doors,  etc.  The  entire  blind,  from  the  sill  to  the  window 
head,  is  laid  out  and  constructed  in  one  piece,  and  then 
sawed  apart  at  the  center  of  the  meeting  rails,  as  shown  at  h. 
Pig.  24  {a).  The  leaves  are  temporarily  hinged  and  hung 
in  place,  so  as  to  insure  their  proper  fit,  and  the  marks  are 
then  made  at  the  meeting  rails,  to  which  the  blinds  are  after- 
wards sawed,  thus  forming  an  independent  set  to  cover  the 
upper  and  lower  sashes. 
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31.  Ontside  blinds  differ  from  inside  blinds  only  in 
such  details  of  construction  as  their  more  exposed  situation 
requires.  In  Fig.  25  (a)  is  shown  the  inside  elevation  of  an 
outside  blind,  while  in  (6)  is  shown  its  plan.  The  hanging 
stile  for  the  blind  on  the  window  frame  is  shown  at  £,  and 
the  form  of  hinge  necessary  to  permit  the  blind  to  open 
aronod  the  angle  of  the  brickwork  is  shown  at  b.  The  shape 
of  this  hinge  and  its  attachment  to  the  blind  are  shown  by 
the  dotted  lines  at  /.  The  angle  in  the  hinges  permits  them 
to  extend  over  the  joints  at  the  top  and  bottom  rails,  and 
thus  add  strength  to  the  blind,  besides  rendering  it  more 
secure  in  high  windstorms  than  would  the  ordinary  hinge. 

The  extreme  length  of  the  arm  o6  carrying  the  pin  half  of 
the  binge  permits  the  blind  to  swing  around  the  outside  of 
the  brick  wall  clear  of  the  opening,  as  shown  by  the  dotted 
lines;  but  the  corresponding  length  od  causes  the  blind, 
when  opened,  to  move  first  in  the  direction  da,  and  is  likely 
to  cause  the  blinds  to  bind  when  they  are  opened.  This 
tendency,  however,  is  taken  care  of  by  the  thinness  of  the 
fnetal  of  which  the  hinges  are  made,  as  they  can  be  easily 
"sprung"  out  of  place  a  sufficient  distance  to  permit  the 
blinds  to  open  at  the  center  and  swing  clear. 

32.  Outside  blinds  are  laid  out  with  a  measuring  rod  in 
the  same  manner  as  doors  and  other  framed  work,  the  lengths 
of  stiles  and  rails,  the  positions  and  lengths  for  tenons, 
and  the  location  of  relishes,  etc.  being  all  marked  on  the 
measuring  rod  before  any  of  the  actual  framework  is  even 
started.  The  positions  and  proportions  of  the  mortises  and 
tenons  in  this  blind  are  shown  by  the  dotted  lines  at  e. 
Fig.  25  (a),  as  are  also  the  tightly  driven  pins  that  hold  the 
joints  in  place. 

As  glue  would  be  useless  to  secure  the  joints  of  outside 
blinds,  owing  to  their  exposed  situation,  the  fixed  parts  are 
fitted  together  with  white  lead.  The  movable  joints  of  the 
slats,  however,  require  nothing  to  make  them  secure  except 
a  proper  consideration  for  the  accuracy  of  construction  and 
the  effects  of  probable  expansion  and  contraction. 
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HIMOES  AND  THEIB  APPLICATION 
34.  Batts,  or  hinges,  are  used  for  hanging  doors,  inside 
shutters,  lids  of  chests,  boxes,  etc.  The  butt  generally  used 
for  hanging  doors  is  a  loose-pin  bull,-  the  pin  being  loose,  it 
can  be  readily  taken  out  with  the  fingers,  and  the  door 
•an  thus  be  removed  without  unscrewing  the  hinges.  To 
hang  the  door  properly,  two  hinges — and  in  case  of  heavy 
doors,  three  hinges — are  required,  the  top  one  being  secured 
6  inches  below  the  top  of  the  door,  and  the  bottom  one, 
10  inches  above  the  bottom  of  the  door.     Fig.  27  (a)  shows 


a  horizontal  section  through  a  door  casing  at  the  hinge.  At  b 
is  the  door  jamb,  back  of  which  are  the  grounds  /  extending 
to  the  plaster  line  /,  At  c  is  shown  the  door  trim,  and  at  gy 
the  door  stop  against  which  the  door  a  is  closed.  The 
projection  J I  of  the  hinge  to  the  center  of  the  pivot  is  the 
same  as  ^ i'  of  the  hinge  shown  in  the  elevation  (b),  where 
one  flap  of  the  hinge  is  shown  let  in  and  screwed  to  the  edge 
of  the  door.  This  projection  s' i'  of  the  hinge,  when  the 
door  is  opened,  as  shown  dotted  at  e.  causes  the  door  to 
swing  twice  the  distance  i'  /',  thereby  causing  it  to  clear  the 
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of  the  blind,  and  the  flap  of  the  hinge  is  i 
face  of  the  casings.  The  knuckle  of  the  hin 
ject  just  beyond  the  face  of  the  blind  b,  as  at 
hinge  is  placed  as  shown,  making  a'  f  i  inch 
of  casing  to  face  of  Wind,  then,  when  b  swing 
to  the  position  a,  the  edge  of  the  blind  will 
is  -h  inch  from  A',  or  4i  inch  from  a';  theref 
the  blinds,  the  width  must  be  taken  from 


flbow  the  i-inch  margin  of  the  casing  when 
open.  The  flap  hinge  ilj  is  screwed  to  the 
the  blinds,  thus  keeping  the  knuckle  of  the  hi 
elbow  blind  b.  This  is  done  to  prevent  the  ei 
blind  d  from  striking  when  folding  the  two  b1 
as  previously  explained. 

36.  Hinging  Outside  Blinds.— Fig.  2\ 
of  the  blinds  of  a  frame  house.  At  b  is  shov 
of  the  blinds  when  closed,  and  at  c  is  shown 
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dishes  are  placed  or  the  carving  is  done  before  the  food  b 
served  in  the  dining  room.  At  one  end  of  this  table  is 
the  dumb  waiter  c,  while  at  the  other  end,  ^t  d,  is  the 
drip  board  of  the  sink.  Opposite  the  serving  table  is  the 
dresser  e  for  the  dishes,  below  which  are  closets  f,  and 
drawers  for  silverwaje,  dishes,  etc.,  as  shown  more  in  detail 
in  Fig.  32. 

40.  There  is  no  work  in  tlie  construction  of  these  pantry 
fittings  that  has  not  already  been  described.  The  glazed 
doors  of  the  dresser  f",  Fig.  32,  are  constructed  in  the  same 
manner  as  a  hinged  window  sash.  When  the  dresser  is  not 
over  7  feet  long,  it  is  sometimes  advantageous  to  close  the 
front  with  three  glazed  sashes.  These  sashes  are  plowed 
with  a  groove  in  the  top  and  bottom  rails,  and  are  arranged  to 
slide  the  full  length  of  the  dresser  on  hardwood  or  metal  tracks, 
which  are  secured  just  far  enough  apart  to  permit  the  sashes 
to  clear  one  another  in  sliding;  or,  they  may  be  made  in  pairs 
and  hinged  as  shown  on  the  elevation.  The  shelves  in  the 
dresser  may  be  fixed  permanently  in  place  and  varnished  on 
both  sides,  so  as  to  prevent  any  dust  from  sticking  to  them  or 
collecting  around  the  dishes.  The-drawers  £■'  are  provided 
for  silverware,  such  as  forks,  knives,  spoons,  etc.,  and  the 
shelves  in  the  closets  underneath  are  for  linen  and  larger  pieces 
of  tableware  that  cannot  conveniently  be  put  in  the  upper  part. 

The  glazed  closets  e'  are  placed  about  18  inches  above  the 
top  of  the  linen  closets  f,  thus  leaving  a  long,  narrow  sideboard 
between,  the  wall  side  of  which  is  paneled,  as  shown  at  i',  with 
plain,  flat,  unmolded  panels,  similar  to  those  in  the  doors 
t)elow.  The  glazed  closet  is  secured  against  the  wall,  but  is 
supported  by  means  of  either  metal  or  wooden  brackets  i, 
placed  one  at  each  end  of  the  closet  and  one  under  each  of 
the  mullions  d. 

In  the  section  shown  in  Fig.  33,  the  window  at  the  end  of 
the  pantry  is  located  at  a',  and  immediately  under  the  window 
is  the  sink,  as  shown  at^.  Fig.  31.  The  board  shelves  over 
the  serving  table  are  shown  in  section  at  6',  Fig.  33,  and  a 
section  through  the  dresser  shelves  is  shown  at  e". 
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I  be  filled  with  non-conducting  material.  The 
:  the  door  should  be  as  small  as  the  purposes 
:rator  will  permit,  and  the  door  should  be 
closed,  by  means  of  a  Condit  "ice-box  lever," 
which  tends  to  force  the  door  tightly  into  the 

kll  is  studded  and  sheathed  on  the  outside  simi- 
:de  walls,  as  shown  at^,  Fig.  34;  but  the  inner 
paced  about  twice  as  far  apart  as  the  outer 
row  j,  are  separated  from 
the  outer  row  by  a  single 
thickness  of  sheathing  k, 
and  are  sheathed  on  the 
inside  by  a  similar  single 
thickness  /.  The  spaces  tn 
between  the  outside  studs 
are  filled  with  charcoal  or 
other  non-conducting  ma- 
terial, while  the  spaces  n 
between  the  interior  studs 
are  left  open  to  form  air 
ducts,  as  shown  at  n'  in 
the  section.  Fig.  36. 

Fig.  36  shows  a  vertical 
section  of  the  ice  box.  The 
interior  lining  of  the  front 
is  shown  at  d"  and  the  ex- 
terior covering  at  d,  while 
'°'  at  c  is  shown  the  charcoal 

',.  About  2  feet  6  inches  below  the  top  is  built 
ort  the  ice,  along  the  front  of  which  an  opening 
rmit  the  cold  air  to  circulate.  This  floor  is 
:ly  toward  the  back  of  the  ice  box,  so  that  the 
e  melting  ice  will  drain  to  the  trough  p\  The 
:n  be  conveyed  by  means  of  a  copper  or  lead 
ng  into  an  open  sink  or  other  suitable  point  of 
e  waste  pipe  should  be  trapped,  in  order  to 
ulation  of  the  outer  air.     The  floor  of  the  ice 
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receptacle  may  be  covered  with  i-inch  boile 
usage,  or  heavy  zinc  may  be  used.  By  t. 
shown,  the  cold  air  from  the  ice  box  falls 
ducts  n',  and  after  cooling  the  interior  of  thi 
it  rises  through  the  opening  g,  as  shown  by 
becomes  again  cooled  by  contact  with  the  ice 
lation  of  cold  air  is  thus  constantly  main 
interior  of  the  refrigerator  is  kept  at  a  low 
In  Fig.  35 — the  elevation  of  the  front  of  tl 
the  entrance  door  is  shown  at  /',  while  at 
dotted  outline  of  the  door  at  the  side  of  th< 
purpose  of  inserting  the  ice.  The  space  bet 
the  refrigerator  and  the  ceiling  should  be 
conducting  material,  as  shown  at^,  to  protei 
in  the  ice  box. 

42.  BervluK  Tables. — Fig.  37  shows  a  1 
table,  4  feet  wide  by  8  feet  8  inches  long,  am 
high.  Four  drawers,  24  inches  deep,  may  be  ; 
side,  but  the  wide  span  between  the  legs,  a  ht 
the  weakening  of  the  front  rail  by  the  insert 
of  drawers,  and  a  top,  4  feet  wide,  which  woi 
from  the  heat  of  the  kitchen,  are  the  poi 
consideration. 

Plain,  substantial,  sound  construction,  with 
are  required.  To  secure  as  much  rigidity  a: 
front,  or  drawer  rail,  it  is  necessary  to  maki 
of  some  hardwood,  and  the  joiner  should  si 
seasoned  prime  ash,  this  material  being  well 
purpose. 

In  order  to  proportion  the  legs  to  the  depth 
they  should  be  made  4  inches  square  at  the  h 
to  3  inches  square  at  the  foot.  The  rails  sbo 
thick  and  8  inches  deep,  which  depth  should 
9i  inches  at  the  shoulders,  bo  as  to  render  t 
the  legs  inflexible,  while  the  increase  shoulc 
corbel,  or  bracket.  The  end  and  back  rails  si 
material,  while  the  framing  of  the  front  rai! 
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angle  plate  is  attached  to  the  leg  by  means  of  two  lagscrews  /, 
which,  being  drawn  home,  keep  th'e  shoulders  of  the  rails  in 
the  closest  contact  with  the  legs.  The  dowel-pins  in  the  top 
are  shown  at^.  The  top  should  not  only  be  securely  fastened 
to  the  rails,  but  provision  must  be  made  for  its  expansion 
and  contraction.  This  is  effected  by  the  use  of  the  tongued 
buttons  h.  On  the  center  line  of  the  table,  the  buttons  are 
screwed  to  the  top,  while  their  tongues  pass  into  grooves  cut 
out  of  the  cross-rails.  These  grooves  must  be  made  just 
the  width  of  the  button,  so  that  the  center  line  of  the  table 
will  not  change  its  position.  Similar  buttons  are  placed  along 
each  side  of  the  table,  but  care  should  be  taken  that  their 
shoulders  are  kept  clear  of  the  rail,  and  that  their  tongues 
are  of  sufficient  length,  so  that,  under  shrinkage,  they  will 
still  keep  in  the  groove.  The  principle  involved  is  similar 
to  that  of  a  panel  in  a  framed  door,  wherein  the  panel  may 
come  and  go  without  straining  the  joints  of  the  framework  in 
which  it  is  contained. 

At  B,  Fig.  37,  is  shown  a  plan  of  one-half  of  the  frame- 
work looking  downwards,  in  which  the  cross-tails  ;  are  dove- 
tailed into  the  front  and  back  rails/  and  into  the  intermedi- 
ate one  a'.  These  keep  the  long  rails  straight  and  in  a  fixed 
position.  The  drawers  ^  are  in  place,  and  the  blocks  are  so 
set  that  the  fronts  will  always  be  flush  with  the  framing  of 
the  rail.  At  h',  near  the  upper  edges  of  the  rails,  are  located 
the  grooves  for  the  buttons. 

At  C  is  shown  a  half  plan  of  the  top,  looking  downwards. 
This  view  shows  one-half  the  length  of  the  boards  and  the 
number  required  in  the  width. 

At  D  is  shown  a  sectional  elevation  of  one-half  of  the 
table  taken  through  the  framework,  in  which  the  drawers  are 
shown  at  b".  The  runners  c  are  rabbeted,  making  the  width 
between  sinkings  equal  to  that  of  the  mnntins  /,  in  £,  so 
that  the  pocket  is  kept  at  a  uniform- gauge.  The  upper 
guide  strips  are  also  omitted  in  this  section. 

At  E  is  shown  a  half  elevation  of  the  exterior.  This  view 
shows  the  relative  position  of  the  rail  tenons  m.  which  pass 
about  li  inches  into  the  mortises  prepared  for  them  in  the 
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legs.  The  ton^fues  on  the  edge  o 
into  the  leg  only  i  inch.  The  brid; 
makes  the  leg  stronger;  otherwise,  t 
would  be  liable  to  spread  and  lose 

At  F  is  shown  an  end  elevation,  in 
that  the  tenons  are  arranged  somew 
or  shoulders,  o  are  formed  at  the  r 
the  same  reason  as  was  given  for  th 

At  G  is  shown  a  perspective  vii 
bottom  upwards.  This  view  shows 
parts,  whereby  a  firm  frame  is  obt; 
course  followed  to  provide  for  the  e 
of  the  bottom.  The  dovetail  pin 
front,  and  open,  or  exposed,  pins 
As  the  length  of  the  drawer  is  less 
of  the  wood  is  run  parallel  with 
glned  blocks  r  adjacent  to  the  fron 
between  the  drawer  bottom  and  tb 
the  front  will  not  yield  under  hard 
will  always  be  a  certainty.  The  bac 
slots  s  through  which  are  passed  sci 
The  screws  are  provided  with  was 
of  the  drawer  may  move  readily  witl 

44.  Pig.  38  shows  a  perspectivt 
of  the  table  preparatory  to  attach: 
give  a  clear  idea  of  its  construction 
cross-rail  is  omitted  to  show  the  a 
device.  All  junctions  should  be  lit 
practicable,  should  be  kept  under  i 
glue  has  set.  Where  heavy  tables  i 
required,  it  is  well  to  provide  an  i 
side,  so  that  there  will  be  six  suppc 
assuring  steadiness.  Tables  constr 
described  are  also  well  adapted  for 

Where  such  tables  are  required  t 
down  principle,  whereby  the  legs  car 
in  the  upper  framing  of  the  table  top, 
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mly  the  tongues  n  made  to  pass  into  grooves 
'.n  the  adjacent  sides  of  each  leg.  By  this 
can  be  slipped  in  place  and  rigidly  secured 
;  passing  through  the  angle  plates.  For 
narrow  rails,  the  tongues  may  be  dispensed 
s  made  simply  to  butt  against  the  legs. 

Slides. — If  drawers  that  have  been  used 
ire  examined,  it  will  be  noticed  that  when 
3ut  the  front  portion  of  the  drawer  drops 
'bobbing- up-and-down"  movements  have  to 
he  drawer  can  be  replaced.     This  is  caused 

the  upper  edges  of  the  drawers  toward  the 
inly  be   overcome   by  providing  travelinsf 


re  as  bearers,  or  supports,  for  the  drawers. 
le  drawer  is  supported  and  kept  in  a  practi- 
)osition,  even  when  it  is  drawn  out  of  the 
full  depth. 

;ement  is  shown  in  Fig.  39,  where  a  is  the 
at  passes  out  and  in  the  case  by  operating 
s  weight  of  the  drawer  is  sustained  by  the 
1  travels  a  cleat  i>  attached  to  the  side  of 
B  slide  a,  in  turn,  is  supported  by  a  cleat 
leek  ot  the  drawer  pocket.  It  will  thus  be 
re  two  planes  of  friction,  one  between  the 
rawer  cleat  6,  and  the  other  between  a  and 
leat.  This  is  known  as  the  Kimball  system 
and  consists  in  making  the  slides  and  cleats 
vood  s,  S,  or  i  inch  thick,  according  to  the 
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THE  STEEL  SQUARE 

(PART  1) 


PRINCIPLES  OF  APPLICATION 


DESCRIPTION  OF  THE  SQCABB 

1.  Among:  the  many  tools  employed  by  mechanics,  there 
is  probably  none  so  useful  as  the  steel  square.  Notwith- 
standing the  mass  of  marks  and  fisiures,  there  is  nothing  about 
a  steel  square  that  is  complicated  or  that  requires  a  knowledge 
of  higher  mathematics  to  enable  it  to  be  used  in  ordinary  prac* 
tice,  and  after  a  few  hours  of  careful  study  and  examination, 
every  mark  and  figure  should  be  clearly  understood.  There 
are  a  number  of  ways  of  marking  the  square,  which  depends 
on  the  design  or  type  and  on  the  purpose  for  which  it  is  to  be 
used.  These  markings,  however,  in  no  way  affect  the  prin- 
ciples of  application,  and  when  these  principles  are  once 
thoroughly  understood,  any  make  of  square  can  be  accurately 
used,  provided,  of  course,  that  the  instrument  is  true. 

2.  Farts  of  a  Square. — The  long  arm  of  a  square  is  - 
called  the  body,  or  blaUe,  and  in  referring  to  this  part  of 
the  instrument,  preference  will  be  given  to  the  name  body. 
The  short  arm  is  called  the  tongue,  and  the  junction  between 
the  body  and  the  tongue,  on  the  outer  edge,  is  called  the 
heel.  The  body  of  a  standard  steel  square  is  24  inches 
long  and  2  inches  wide,  and  the  tongue  is  from  14  to  18  inches 
long  and  1^  inches  wide.     In  some  inferior  grades  of  squares, 
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The   octagoa   scale   is   used  as  follows:     For  ^'' ' 

instance,  it  is  required  to  make  an  ocUsooal,  or  eieht-sided. 
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scale,  the  measurements  may  be  doubled  or  trebled,  as  the 
case  may  require. 

6.     Diagonal  Scale. — The  parallel  lines  on  the  back  of 
the  tongue  of  a  square,  Fig.  2,  near  the  junction  with  the 
body,  are  called  the  diagonal  scale.    This  scale  is  used  for 
setting    the   dividers   to    more   minute   divisions   than,  the 
primary   divisions   of   the   scale.     In    Fig.   5,   which  is  an 
enlarged  view  of  the  scale  shown  in  Fig.  2,  the  scale  is  first 
divided  into  2  inches  by  the  vertical  lines.     One  of  these 
inch  divisions  is  next  subdivided  into  tenths  on  the  upper 
and  lower  horizontal  lines,  and  diagonal  lines  are  drawn,  so 
as  to  join  each  upper  tenth  with 
the  next  consecutive  lower  tenth. 
Tlie   horizontal   lines   are   made 
■^  inch  apart,  and  as  each  diag- 
onal  line  crosses   the   10  equal 
spaces  formed  by  the  horizontal 
lines  and  advances  iV  inch  in 
crossing,   it    is    plain    that,   for 
1  space,  it  will  advance  jiz  inch. 
Hence,  by  scaling  from  any  hori- 
zontal   line,   the    required    hun- 
dredths in  addition  to  the  tenths 
marked  above  may  be  obtained. 

The  dividers  shown  in  the  illus- 
tration are  set  to  l-^ir  inches,  and 
this  distance  is  obtained  as  fol-  p,q  , 

lows:     From  0  to  1  on  the  lower 

line  is  1  inch,  and  from  £>  to  £  on  the  upper  line  is  iV  inch; 
then,  by  following  the  diagonal  line  from  6  to  where  it 
crosses  the  horizontal  line  marked  4,  t^  inch  more  is 
obtained,  making  the  total  distance  1  +  A  +  tJu  =  li^ 
inches.  If,  instead  of  stopping  at  the  horizontal  line 
marked  4,  the  dividers  are  continued  down  the  diagonal  line 
to  halfway  between  the  horizontal  line  marked  4  and  the  one 
next  below,  they  will  mark  mVo  inch  more,  making  the  total 
distance  I  iVo't  inches. 
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1  minute  divisions  on  the  square  would  not  be 

>  use  in  laying  out  work  on  a  job,  yet  the  user 
might  possibly  want  to  scale  a  map,  in  which 

be  necessary  to  get  these  very  small  divisions, 
lares,  the  diagonal  scale  is  omitted,  and  1  inch 
:o  hundredths  is  substituted. 

I  Scale. — The  numbers  on  the  middle  of  the 
tongue  of  a  steel  square,  extending  from  the 
le  to  the  end,  as  shown  in  Fig.  2,  constitute 
cale.  The  equal  numbers  placed  one  over  the 
int  the  run,  or,  in  other  words,  the  two  sides  of 
;le,  while  the  numbers  at  the  right  represent,  in 
lundredths  of  an  inch,  the  length  of  the  third 
otenuse.  Thus,  the  exapt  length  of  a  brace 
ilders  having  a  run  of  45  inches  on  a  post  and  a 
hes  on  a  beam  is  63iVi7  inches.  These  figures 
from  an  inspection  of  the  scale.     By  referring 

figures  .,  63.64  will  be  found,  which  shows  that 

is  the  diagonal,  or  hypotenuse,  of  a  right  tri- 
',  two  equal  sides  each  45  inches  long.  The 
i  brace  scale  vary  in  different  makes  of  squares, 
lares,  the  run  on  the  post  is  not  always  the 
run  on  the  beam. 

tor  Board  Measure,  or  Essex  Board  Heasare. 

of  the  body  of  the  square.  Pig.  2,  is  shown  the 
rd  measure.  A  thorough  knowledge  of  the  use 
3n  of  this  scale  may  be  gained  by  studying  it  for 
:s,  and,  when  once  understood,  the  contents,  in 
re,  of  almost  any  board  or  plank  may  be  read  off 

the  scale. 

12  in  the  graduation  marks  on  the  outer  edge 
1-inch  board  12  inches  wide,  and  is  the  starong 

calculations.     The  smaller  figures  8, 9, 10, 11, 

>  under  the  12  represent  the  lengths  of  boards, 
wing  11  does  not  belong  to  this  vertical  row  of 
s  contents  of  a  board  12  feet  long  is  read  by  the 
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fieurea  on  the  graduations.  For  instance,  a  board  12  feet 
long  and  11  inches  wide  contains  11  feet,  or,  a  board  12  feet 
long  and  2  inches  wide  contains  2  feet,  the  it  and  the  2  being 
the  11-  and  the  2-inch  figures  of  the  outside-edge  graduations. 

9<  For  a  practical  illustration,  suppose  that  it  is  required 
to  find  the  contents  of  a  board  14  feet  long  and  10  inches 
wide.  Under  the  12-tnch  mark  on  the  outer  edge  of  the 
square  will  be  found  the  figure  14,  which  represents  the 
length.  Follow  the  space  in  which  the  14  is  placed  back  to 
the  row  of  figures  under  10  on  the  graduations,  where  will 
be  found  the  figures  11  \8,  which  is  read  11-^  feet,  or  11  feet 
8  inches,  and  is  the  contents  of  the  board.  In  a  like  manner, 
if  a  board  is  14  feet  long  and  16  inches  wide,  the  result  will 
be  found,  under  the  16-inch  mark,  to  be  18 \8,  or  18  feet 
8  inches.  If  the  board  is  2  inches  or  3  inches  thick,  it  will 
be  necessary  to  multiply  the  contents  taken  from  the  scale 
by  2  or  3,  respectively. 

The  contents  of  a  ^ick  of  timber  11  feet  long,  10  inches 
wide,  and  8  inches  thick  is  73  feet  4  inches,  board  measure, 
and  is  found  thus:  Under  the  12-inch  mark  is  found  11;  by 
passing  along  to  the  left  on  the  same  line ,  to  a  point  below 
the  graduation  mark  10,  9\2  is  found,  which  is  read  9  feet 
2  inches,  and  is  the  contents  of  aboard  11  feet  long,  10  inches 
wide,  and  1  inch  thick.  To  find  the  contents  of  a  stick  of 
timber  with  the  same  dimensions,  but  8  inches  thick,  all  that 
is  necessary  is  to  multiply  9  feet  2  inches  by  8  inches,  which 
gives  73  feet  4  inches. 

10.  By  combining  figures,  the  contents  of  boards,  planks, 
or  timber  of  greater  lengths  than  those  'shown  on  the  scale 
can  be  calculated.  Thus,  fo^  a  board  20  feet  long,  double 
the  figures  in  the  10-foot  row,  and  if  the  board  is  2  inches 
thick,  multiply  the  result  by  2.  To  find  the  contents  of  a 
board  25  feet  long,  add  the  figures  in  the  12-  and  13-foot 
rows. 

With  the  foregoing  examples  as  a  guide,  it  should  be 
possible  to  work  out  any  number  of  combinations  and  thus 
find   the   contents   of   a   stick   of   any  size.     It   should   be 
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measure  is  calculated,  as  its  name 

measure — abbreviated  B.  M. — which 

'"  "^'ii-fqce  of  a  board  1  inch  in  thick- 

B.  M.  meaning  a  board  1  foot 

.  wide,  and  1  inch  thick. 

rter  Tables.^In  some  of  the 
;ns  of  steel  squares,  the  board 
replaced  by  the  rafter  tables. 
IS  are  very  convenient,  and  in 
e  are  much  more  useful  than 
leasure  scale,  as  the  cuts  for 
members  of  a  roof  may  be  read 
the  scale.  Fig.  6  shows  one 
t'  of  the  scale,  giving  the 
i  Fig.  7  shows  an  arrangement 
y  gives  the  lengths  but  also  the 
several  members  of  the  roof. 
';  the  outer  edge  of  both  the 
le  tongue  has  the  inches  sub- 
)  twelfths.  This  sutxiivision  is 
measurements  taken  from  .the 
,  as  all  the  measurements  are 
le  nearest  twelfth  of  an  inch, 
marks  may  represent  either 
jet,  and  the  twelfth  marks  on 
either  twelfths  of  an  inch  or 
a  foot.  The  rafter  table  is 
nection  with  the  inch  marks  on 
edge  of  the  square.  These 
figures  represent  one-half  the 
span  of  the  building,  or  the  run 
of  the  rafter  in  feet  or  inches. 
The  6-inch  graduation  may  be 
either  6  feet  or  6  inches. 

nd  Fitch, — In  the  first  column  of  the 
el  of  the  square,  the  figures  are  all  12, 
)  indicate  either  12  inches  or  12  feet. 
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These  figares  represent  the  mn  of 
horizontal  distance  from  the  extrem 
plumb-line  hung  from  the  ridge. 

The  figures  in  the  second  column 
rises.  If  12  inches  is  used  for  the  ru 
read  in  inches,  and  if  12  feet  is  usee 
are  read  in  feet.  The  rise  is  the  vei 
top  of  the  ridge  to  the  level  of  the  pi 

The  figures  in  the  third  column, 
represent  the  various  pitches.  The  ] 
that  the  rise  bears  to  the  whole  widtl 

13.  How  to  Use  the  Hafter  T 

umns  of  figures  just  mentioned  sho 
run  of  12  and  a  rise  of  4  has  a  i  pitc 
a  rise  of  6,  a  «-  pitch;  and  so  on  to 
umns.  The  span  of  a  building  wi1 
24  feet,  and  if  the  pitch  is  i,  the  rise  v 

To  illustrate  the  use  of  the  tables, 
run  of  9  feet  will  have  a  span  of  18  fi 
=  3  feet.  To  find  the  length  of  a  r 
width  and  pitch,  look  in  the  column 
then  follow  the  parallel  ruling  until 
under  the  graduation  marked  9  is  ] 
found  the  length  of  the  rafter,  whii 
5iS  inches. 

To  find  the  length  of  a  rafter  for  a 
span  and  i-pitch  roof,  proceed  as  fol 
rafter  will  be  12  feet;  then  look  in  i 
for  i,  follow  the  parallel  ruling  fron 
umn  under  12,  and  the  figures  16\ll\i 
will  indicate  the  length  of  rafter  to  b 

14.  When  the  run  is  expressed 
rafter  table,  read  inches  and  twelfti 
inches.  If,  with  a  i-pitch  roof  the  : 
add  the  rafter  length  for  10  feet  to 
rafter  length  foi*  a  10-foot  run  and 
i^  inch;  for  4  inches  the  length  is  7 
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two  lengths  eives  for  the  total  length  of  the  rafter  IS  feet 
7-^  inches.  The  inches  are  obtained  in  the  following  man- 
ner: Under  4,  in  the  same  line  as  \,  is  found  the  nont- 
bers  7\2\€;  7  stands  for  inches,  2  for  'N  inch,  and  6  for  iV 
of  iV  inch.  As  A  is  over  i,  it  is  read  as  -^r  more,  thus 
making  7iV  inches  for  the  length  of  the  4-inch  nm.  In  the 
column  under  10,  calling  the  run  10  inches,  the  lengths  for 
the  several  pitches,  in  inches,  reading  down  the  column,  are 
lOh,  llA,  12,  13,  UtV,  16,  and  18. 


THE  MICHOIiB  SQUARE 

15.  Pig.  7  shows  a  portion  of  the  body  of  a  steel  square, 
known  as  the  Nlcbols  square,  on  which  is  a  table  giving 
the  lengths  of  common  rafters,  hip,  or  valley,  rafters,  and 
jack-rafters;  also,  the  cuts  for  the  rafters  and  sheathing. 
The  inch  marks  on  the  top  edge  are  used,  in  connection  with 
the  table,  to  represent  the  rise  per  foot.  The  6-inch  mark 
means  6  inches  rise  for  12  inches  run,  and  the  columns  of 
figures  under  the  inch  marks  refer  to  the  lengths  and  cuts 
pertaining  to  that  particular  rise. 

16.  The  first  line  of  figures  on  the  Nichols  square. 
Fig-  7,  gives  the  length  of  the  common  rafter  per  foot  of 
run,  and  is  used  in  this  way:  It  is  required  to  find  the 
length  of  the  common  rafters  for  a  roof  with  a  span  of 
16  feet  and  a  rise  of  10  inches  per  foot  of  run,  which  is 
equal  to  a  -^  pitch.  The  run  of  a  rafter  for  a  building 
16  feet  wide  is  8  feet.  Under  10  in  the  first  line  are  the 
figures  15\62,  or  15.62  inches,  which  is  the  length  of  the 
common  rafter  for  a  1-foot  run;  then,  for  an  8-foot  run, 
multiply  15.62  by  8,  which  gives  124.96  inches,  or  10  feet 
4.96  inches,  which  is  the  length  of  the  common  rafters. 

17.  The  second  line  of  fiffures  in  Fig.  7  gives  the  length 
of  Hip  or  valley  rafters  per  foot  of  run.  To  find  the  length 
of  hip  or  valley  rafters  having  the  same  dimensions  as  the 
common  rafters  just  mentioned,  that  is,  an  8-foot  span  and 
a  10-inch  rise  per  foot,  look  in  the  column  headed  10,  and 
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be  found  the  fisfures  19 1  72,  or 
lying  these  figures  by  the  run  of 
!t,  will  give  the  desired  length, 
ches,  or  13  feet  1.76  inches. 

tires  gives  the  length  of  the  first 
ice  between  the  length  of  the 
ced  16  inches  on  centers.  For 
,er  on  a  hip  in  the  foregoing 
the  figures  being  obtained  from 
headed  10.  The  length  of  the 
iOj  +  20J  =  411  inches,  and  of 
OJ  =  62f  inches. 

Fig.  7  gives  the  length  of  jack- 
nters,  and  is  used  in  the  same 
If  placed  on  2-foot  centers,  the 
;  7i  inches  long, 

ires  in  Fig.  7  gives  the  side  cuts 
ist  hip  or  valley  rafters.  The 
e  foregoing  case  is  10  inches  on 
the  tongue  of  the  square,  the 
obtain  these  figures,  look  at  the 
e  will  be  found  10 1 13;  the  first 
le  distance  from  the  heel  of  the 
I  is  10  inches,  and  the  second 
s  distance  from  the  heel  on  the 


gates  in  Fig.  7  gives  the  side 
gainst  the  ridge  board,  or  deck, 
mer  as  the  figures  that  give  ihe 
he  figures  13 1 15,  in  the  column 
n  the  body  and  15  inches  on  the 
ue  giving  the  cut. 

figures  in  Fig.  7  gives  the  cuts 
in  valleys  or  on  hips.     In  the 

found  the  figures  13\10.  By 
material  to  be  cut  so  that  the 
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figures  13  on  the  body  and  10  on 
one  edge,  and  cutting  along  the  tc 
sheathing  or  shingles  will  be  obtaii 

23.  The  jack-rafter  marks  on  tl 
will  also  give  a  number  of  other  cu 
The  figures  on  the  square  giving 
will  also  give  the  miter  cuts  for  t 
the  junction  of  two  gables,  and  wi 
gable  moldings  where  they  intersei 
the  end  of  a  building. 

The  figures  giving  cuts  of  sheai 
will  give  cuts  for  mitering  leve 
planchers,  also  the  miter  cuts  wl; 
intersect,  and  the  cut  for  a  plancbei 

In  addition  to  the  rafter  tables,  tt 
ted  in  Fig.  7  also  has  the  brace  sea 
1  inch  subdivided  into  hundredths. 


ORDINARY  8TEEI 

24.  While  the  tables  and  scale 
ding  articles  are  very  useful  and  coh 
on  as  being  correct,  there  is  not  < 
likely  to  arise  in  practice  that  canm 
an  ordinary  steel  square  with  only 
on  the  edges,  provided  the  gradi 
body  and  tongue  are  at  right  ang 
importance  of  having  a  square  tn 
the  following  pages. 

25.  Testing  a  Square. — In  c 
see  that  the  body  and  tongue  arc 
board  12  inches  or  more  in  width  an 
surface  it  on  one  side,  and  true  i 
perfectly  straight.  Place  the  sqnai 
and  mark  the  board  along  the  tong 
on  the  inner  edges;  then  reverse  t 
and  if  the  outer  edge  of  the  tongut 
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made  on  the  outer  edge  of  the  tongue  in  a  it  is  proof  that  the 
inner  edge  of  the  body  is  at  right  angles  to  the  outer  edge 
of  the  tongue.  If,  by  moving  the  square  6  over  to  the  right 
until  the  outer  edge  oi  the  tongue  comes  to  the  mark  made 


along  the  inner  edge  of  the  tongue  in  a,  the  edge  and  the 
mark  coincide,  it  is  proof  that  the  inner  edge  of  the  tongue 
is  at  right  angles  to  the  inner  edge  of  the  body,  and  also 
that  the  two  edges  on  the  tongue  are  parallel. 

26.  In  a  -like  manner  it  can  be  shown  that  the  outer 
edge  of  the  body  is  at  right  angles  to  the  tongue  or  that 
.  the  two  edges  of  the 
body  are  parallel. 
To  do  so,  move  the 
square  a  until  the 
outer  edgeof  the  body 
coincides  with  the 
straight  edge  of  the 
board,  as  shown  at  c. 
Pig.  8.  Then,  if  this 
edge  is  at  right  angles 
to  the  tongue,  the 
tongue  will  coincide 
with  the  marks,  pro- 
vided, of  course,  that 
^"'- '  the  square  in  the  first 

case  was  true  with  regard  to  the  edges.  If  any  of  the 
edges   are   not   true,    they  may  be  made  so  by   filing   or 
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grinding  the  tonjfue  or  the  body  until  at  right  angles,  using 
the  marks  on  the  board  as  a  gauge,  or  templet. 

27.  The  Fence. — In  Fig.  9  is  shown  an  adjustable 
fence  with  the  square  set.  A  fence  consists  of  a  strip  of 
hardwood-^-cherry  or  black 
walnut  being  preferable — 
about  2  inches  wide,  li  inches 
thick,  and  from  2i  to  2f  feet 
long.  Saw  kerfs  ie  and  de 
are  cut  in  from  each  end, 
leaving  from  6  to  8  inches  of 
solid  wood  in  the  center,  as 
shown  at  cd.  Two  holes  / 
and  f  are  bored  through  each 
end,  and  two  screws  are  in- 
serted, as  shown  at  /,  to  bind 
the  fence  on  the  square. 

Pig.  10  shows  the  method 
of  using  the  fence.  The  body 
and  tongue  are  clamped  fast 
at  the  run  k,J  and  rise  J,  A; 
then,  if  the  fence  and  square 
are  applied  to  a  rafter  the 
correct  number  of  times,  the  '™- " 

length  and  the  top  and  bottom  cuts  for  the  rafter  will  be 
obtained.  The  letters  f  and  d  show  the  foot-cut;  n,  o,p,  g,  k, 
A,  and  /,  the  marks  used  to  obtain  the  length  of  the  rafter; 
and  /  and  m,  the  top  cut. 
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30.  Another  method  of  finding:  the  poii 
on  a  square  stick  of  timber  is  illustrated 
abed  represents  the  end  section  of  a  piece 


La;  the  steel  square  on  the  timber  in  su< 
twenty-four  divisions  on  the'  square  w 
between  two  parallel  sides,  and  then  mar 
sions  from  both  sides.  In  the  figure,  the  1 
is  placed  at  one  side  and   the   12-inch   mi 


Fra.  13 

making   twenty-four  half-inch  divi 
seven  divisions  will  therefore  come  at  the  i 
on  the  other  at  12  -  3i  =  8i  inches,  or 
If  the  6-inch  mark  is  used  for  a  diagonal 
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TABIiE  I 
DSCIMAI^   OF   AN    INCH   FOB   EACH   e«TH   AND    S«Ta 
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15  inches  on  the  tongue  and  15  inches  on  the  bod?  of  the 
square.  Multiply  this  distance  by  4,  because  4  X  15  =  60. 
Now,  measure  the  diagonal  between  5  inches  on  the  tongue 
and  5  inches  on  the  body  of  the  square,  and  add  this  distance 
to  the  length  of  the  diagonal  of  15  and  15  multiplied  by  4. 
The  diagonal  of  15  and  15  is  found  to  be  21-1^  inches,  and 
that  of  5  and  5  is  7tV  inches;  2lA  X  4  =  84|f.  and  UH 
+  7-^  =  9lif  inches,  which  is  the  length  of  the  brace. 
These  figures  may  be  proved  by  multiplying  1.4142  by 
66  inches. 

34.  The  length  of  the  foregoing  brace  may  also  be 
found  by  taking  the  run  in  feet;  65  inches  is  equal  to  6  feet 
5  inches,  or  5iV  feet.  By  measuring  the  diagonal  from 
B-ff  inches  on  the  tongue  to  5tV  inches  on  the  body  of  the 
square,  and  calling  the  measurement  feet,  it  is  found  to  be 
7-A  feet,  or  92  inches  long;  but  92  inches  is  i*?  inch  longer 
than  in  the  first  case.  The  diagonal  of  5iV  and  5A  is  not 
exactly  7^  inches,  however,  but  is  near  enough  for  most 
practical  purposes. 

Nearly  all  the  better  makes  of  squares  have  one  edge  of 
the  body  and  one  edge  of  the  tongue  graduated  into  twelfths 
of  an  inch  and  by  reading  the  inches  as  feet,  the  twelfths  of 
an  inch  will  represent  inches;  thus,  half  of  a  twelfth  would 
equal  i  inch.  If  the  run  and  rise  were  8i  feet,  the  length  of 
the  brace  could  be  found  by  taking  SiV  inches  on  the  body 
and  8-^  inches  on  the  tongue  and  measuring  the  diagonal, 
which  would  be  found  to  be  12  inches  and  i  of  iV  inch  long. 
Calling  the  inches  feet,  the  length  of  the  brace  would  be 
12  feet  and  i  inch. 

In  braces  of  equal  run  and  rise,  the  top  and  the  bottom 
cuts  are  at  45°,  provided  that  the  brace  is  between  two 
timbers  at  right  angles  to  each  other.  The  cuts  are  obtained 
by  taking  any  equal  numbers  on  the  body  and  tongue  of  the 
square. 

35.  Another  method  of  finding  the  length  of  a  brace  is 
to  take  the  length  of  the  run  on  the  tongue  and  the  length 
of  the  rise  on  the  body  of  the  square  and  apply  the  square 
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to  Uie  length  of  the  board  od  the  body  of  the  square. 
to  find  the  number  of  feet,  board  measure,  in  the 
move  the  bevel  so  that  the  blade  will  intersect  on  the 
the  number  equal  to  the  width  of  the  board.  The  be 
then  indicate  on  the  body  of  the  square  the  number 
in  the  board. 

In  Fig.  21,  the  bevel  is  first  set  at  12  and  10,  the  1 
the  length  of  the  board  in  feet.  The  bevel  is  then 
along  the  tongue  of  the  square  to  6,  which  is  the  v 
the  board  in  inches.  When  in  this  position  the  blade 
bevel  rests  on  the  body  of  the  square  at  5,  which  is  t 
tents  of  the  board  in  square  feet. 

If  the  board  were  16  feet  long,  7  inches  wide,  and  ! 
thick,  the  bevel  would  be  set  at  12  inches  and  16 
then  moved  to  7  inches  on  the  tongue,  and  the  beve 
indicate  the  contents  of  a  board  1  inch  thick,  which  w 
9iV  feet.  This  quantity  must  then  be  multiplied  by  2, 1 
the  board  is  2  inches  thick.  The  product  will  be  18 
which  is  the  contents  of  the  board.t 


LAYING  OUT  POLTGONS 

40.  AUhongh  the  steel  square  is  particularly  adai 
roof  framing  and  is  probably  used  more  for  that  kind 
than  for  any  other  purpose,  there  are  a  great  many  ott 
for  the  instrument.  The  mechanic  that  thoroughly 
stands  the  principle  of  the  steel  square  will  continus 
new  problems  that  can  be  solved  with  greater  ease' 
use  of  this  instrument  than  by  any  other  method, 
fore,  before  taking  up  the  subject  of  roof  constructioi 
of  the  uses  to  which  the  square  may  be  put  will  be  exj 

41.  Classification  of  Folfgons. —  A  polygo 
plane  figure  bounded  by  straight  lines.  The  boundir 
are  called  the  sides,  and  the  length  of  the  broken  li 
t>ounds  the  figure  is  called  the  perimeter  of  the  p< 
A  reenlar  polygon  is  one  in  which  all  the  sides  and 
angles  are  equal. 
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45.  liaylng;  Oat  a  Reinilai^  Qaadrilateral  Polygon, 
or  Square. — Fig.  24  represents  a  square  frame.  The 
corners  at  A  and  D  are  made  with  miter  joints,  and  tbose  at 
B  and  C,  with  butt  joints.  The  miter  joint  shown  is  the  true 
miter,  because  the  pieces  are  cut  oS  at  an  angle  of  45°. 
Common  usage,  however,  has  made  it  customary  to  speak  of 
a  miter  joint  when  the  pieces  come  tof^ether  at  angles  other 
than  45°. 

In  order  to  find  the 
direction  of  the  cut 
for  a  45°  miter  joint, 
use  anf  equal  num- 
bers on  the  body  and 
on.  the  tongue,  and 
cut  along  either  edge 
of  the  square.  In  the 
illustration,  6  inches 
and  6  inches  have 
been  used.  It  will 
be  observed  that  the 
body  coincides  with 
the  direction  of  the 
miter  at  D,  and  that 
the  tongue  is  parallel  with  the  miter  at  A. 
The  butt  joint  is  a  square  cut. 

46.  By  placing  two  squares  as  shown 
in  Fig.  25,  a  regular  square  polygon  is 
formed,  the   outer  edges  representing   a 
square   with    12-inch    sides.    Now,  if    a  p,g  ^ 
line  a  J  is  drawn  diagonally  from  12  inches 

to  12  inches,  on  measurement  it  will  be  found  to  be 
16.97  inches  long,  but  for  most  practical  purposes,  17  inches 
will  be  found  sufficiently  exact.  The  constant,  17  inches, 
plays  a  very  important  part  in  roof  framing.  By  assuming 
that  tfae>12  divisions  on  a  square  represent  feet  instead  of 
inches,  the  17  will  also  represent  feet.  Now,  assuming  that 
the  12  on  the  body  represents  the  run  of  a  rafter,  and  that 
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pentaeon.  The  figures  on  a  square  to  ttse  for  finding  the 
sides  of  a  hexagon  are  12  inches  and  6.93  inches,  the  fieure 
last  mentioned  giving  the  direction. 

In  Fig.  28,  A  B  CZ^f/^ represents  the  outline  of  a  hexagon. 
At  A,  B,  and  C  are  shown  miter  joints,  and  at  D,  E,  and  F, 
butt  joints.     Take  12  inches  on  the  body  and  6.93  on  the 


-  tongue  of  the  square,  and  mark  along  the  tongue  for  both 
the  miter  and  the  butt  joints.  The  whole  numbers  on  the 
square  that  will  give  the  hexagon  cuts  are  7  and  4,  and  the 
proportion  12 :  6,93  =  7  :  4.04  will  show  how  nearly  correct 
these  figures  are.  It  will  be  seen  from  this  proportion  that 
if  7  and  4  are  used,  the  4  is  short  by  .04,  or  about  A,  inch. 
While  this  difference  is  very  little  for  one  cut,  it  should  be 
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remembered  tbat  as  the  number  of  sides  increase,  the  error 
is  multiplied  hj  twice  the  nimiber  of  sides.  The  polyeon  in 
question  will  have  twelve  cuts,  and  the  difference  for  each 
cut,  if  7  and  4  are  used,  will  be  15',  or  i°,  and  for  twelve  cuts 
it  will  be  12  X  15'  =  ISC,  or  3°.  Therefore,  instead  of  the 
sum  of  the  interior  angles  of  the  hexagon  being  equal  to  720°, 


it  will  be  equal  to  720°  -  3°  =  717°.    Or,  again,  each  angle 
of  the  hexagon  is  equal  to  120°  -  SC,  or  i°,  which  is  ll&i<*. 

50.  liaylng  Out  a  Regrular  Heptagon,  or  SCTen- 
Slded  Polygon. — The  same  method  employed  for  finding 
the  direction  of  the  sides  in  a  pentagon  or  hexagon  may  be 
used  for  laying  out  a  heptagon. 
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In  Fig.  29,  ABCDEFG  represents  the  outsid 
regular  heptaeon.  The  angles  at  A,  B,  C,  and  D  an 
joints,  and  those  at  E,  F,  and  G  are  butt  joints.  The 
on  the  square  that  give  the  cuts  for  the  miter  joint 
and  5.78,  the  cut  being  on  the  5.78-inch  side.  For  X\ 
joint,  take  12  and  9.57,  and  the  9.57-inch  side  gives  t 


Via.  a 
The  figures  on  the  square  that  give  the  miter  cuts 
heptagon  are  14\  and  7.  These  figures  are  very  cl 
will  be  seen  by  the  proportion  12  :  5.78  =  U.5  :  6.984 
51.  liafingrOut  a  Regular  Octagon,  or  Eight 
Polygon.— In  Fig.  30,  ABCDEFGH  represents  t 
side  Hoes  of  an  octagon.  The  figures  on  the  square  th 
the  miter  cuts  are  12  and  4.97,  the  cutting  to  be  d 
4.97-inch  side.  The  figures  to  use  for  butt  joints  are 
12,  or  any  equal  distances  from  the  heel  on  the  tong 
the  body  of  the  square.  In  other  words,  the  cut  for 
joint  is  a  square  miter.. 

1S8-38 
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le  numbers  that  give  the  octagon  miter  are  17 
ese  figures  are  very  nearly  correct,  as  will  be 
ing  12  and  4.97,  which  are  absolutely  correct,  and 
proportion  12  :  4.97  =  17  :  7.04.  That  is,  if  17  is 
rill  be  correct.  The  difference  in  this  case  is  not 
would  be  supposed.  To  find  )ust  what  the  error 
;  the  proportion  17  :  7  «  12  :  4.94  and  compare  it 


rrect  figures,  which  are  12  and  4.97.  Thus,  the 
due  to  using  17  and  7,  is  .03  inch,  which  is  equal 
1  cut,  or  12'  in  each  joint;  and  for  the  eight  joints, 
or  1°  36'.  It  might  be  well  to  mention  here  that 
arisons  are  stated  in  this  manner  more  to  show 
t  should  be  taken  in  cutting  to  the  exact  figures, 
n  fine  work,  than  to  show  the  relation  of  the 
the  square  to  degrees  and  minutes. 
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The  fiE^res  giving  the  cuts  of  squares,  bexago 
octagons  will  be  found  very  useful  in  roof  frami 
should  therefore  be  kept  in  mind. 

53.  Harklner  a  Hlter-Box.  —  Fig.  31  iUust 
method  of  finding  the  marks  on  a  miter-box  so  as 
strip  of  molding  to  fit  around  a  column  having  the  s 
a  regular  hexagon.     By  applying  the  square  to  the 


Fio.  SI 

the  box,  using  the  figures  12  and  6.93,  and  markin 
the  6.93-inch  side,  the  correct  miter  will  be  found;  I 
reversing  the  square  and  using  the  same  figures,  th< 
sponding  miter  cut  will  be  obtained, 


ANOIiES  OF  POLYGONS' 

53.  Table  11  gives  the  angles  between  sides,  tl 
and  butt  angles  of  polygons,  and  also  the  exact  fif 
use  on  the  steel  square  to'ohtain  the  cut  for  miter  a 
joints.  The  column  marked  Whole  Numbers  for  Mit 
the  nearest  whole  number  to  use  on  the  square, 
figures  are  not  exactly  correct,  but  are  very  close. 

54.  Inscribing  a  Polygon. — The  last  col 
Table  II  gives  the  figures  to  use  in  order  to  find  tht 
of  a  circle  that  will  fit  around  the  outside  of  a 
polygon. 

ExAifPLB. — Tbe  length  of  one  side  of  an  octagon  is  20  ioche 
is  the  radius  of  a  circle  that  will  go  around,  or  circumsc 
octagoD? 

SoLtniON.— The  figures  in  the  column  Radius  of  Circur 
Circle  and  opposite  Octagon,  under  Name  of  Polygon,  art 
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Uuttiplying  !0  inctaes  by  tbe  quantity  tlaus  obtained,  the  lenofth  of  radios 
is  26.13  inches.  The  diameter  of  the  circle  nil!  therefore  be  26.13  X  2 
=  52.26  inches.    Ans. 

55.  Inscribing:  a  Circle  In  a  Polygon. — To  fiad  the 
length  of  side  of  a  polygon  to  fit  arouDd  a  circle  of  known 
radius,  multiply  the  diameter  of  the  circle  by  the  figures 
under  Miter  and  Butt  Joints,  in  Table  II,  using  the  figures 
directly  under  For  Miter. 

of  an  octagon  to  fit 
(ter. 

SoLtrnoM. — Under  the  column  headed  For  Miter  and  opposite 
Octagon,  under  Name  of  Polygon,  will  b«  fonnd  the  value  4.97.  This 
volae  multiplied  by  1.5  feet  gives  7.45  Inches,  which  is  the  length  of 
one  side  of  the  octagon  that  will  fit  around  the,  column. 


ANOIJE  OF  HITER 

66.  In  the  preceding  articles,  figures  for  obtaining  the 
miter  cuts  of  polygons  have  been  given,  but  the  reason  for 
using  these  figures  has  not  been  stated.  Before  giving  an 
explanation,  however,  it  might  be  well  to  illustrate  and  explain 


Pick 
more  fully  the  angle  of  miter.     In  Fig.  32  are  shown  two 
boards  that  are  mitered  together  at  an  angle  of  125'*.    If  the 
boards  were  joined  at  an  angle  of  180°,  the  cut  across  them 
would  be  square.     Now,  it  is  required  to  find  out  how  many 
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degrees  must  be  cut  off  of  each  board,  or,  in  other  words, 
the  miter  angle.  As  the  boards  in  the  figure  form  an  interior 
angle  of  125°,  it  will  readily  be  seen  that  they  are  55°  from 
a  straight  line,  that  is,  180"  —  125"  =  55°.  Now,  draw  the 
line  AB  At  right  angles  to  the  line  of  miter.  The  line  of 
miter  bisects  the  angle  between  the  boards,  and  it  is  quite 
evident  that  one-half  the  difference  between  180°  and  125° 
will  measure  the  an^le  B  CD,  making  it  equal  to  27i°;  con- 
sequently, A  CE  will  be  equal  to  27i°.  Each  piece  cut  off 
of  the  boards,  provided  the  boards  are  sqtiare,  will  therefore 
be  27i°. 

If  a  plan  of  the  boards  were  drawn,  it  wotild  be  an  easy 
matter  to  lay  the  square  on  the  plan  and  thus  find  the  figures 
on  the  square;  but  very  often  it  is  impossible  to  have  plans 
of  all  the  work  on  hand.  Furthermore,  calculated  figures 
are  more  accurate  than  scaled  figures. 

67.  In  Fig.  33  is  shown  the  relation  of  the  square  to 
degrees,  and  how  the  figures  are  obtained  for  forming  poly- 
gons or  mitering  pieces  at  different  angles.  In  the  previous 
article,  it  was  shown  that  the  miter  angle  for  two  pieces 
standing  at  an  angle  of  125°  was  27t°.  By  inspecting  the 
semicircle.  Fig.  33,  it  will  be  seen  that  the  line  from  12  on 
the  tongue  of  the  square  passing  through  27}°  on  the  semi- 
circle passes  through  the  body  of  the  square  at  6.25,  or 
6i  inches.  In  other  words,  the  tangent  of  27}°  is  6.25  inches, 
so  that  12  inches  on  the  tongue  and  6.25  inches  on  the  body, 
cutting  along  the  body  of  the  square,  will  miter  two  pieces 
when  the  interior  angle  is  125°,  which  will  readily  be  seen 
by  referring  to  Fig.  32, 

58.  The  polygon  miters  from  three  to  twelve  sides  are 
also  shown  in  Fig.  33;  likewise,  the  figures  to  use  on  the 
square  are  marked  on  the  margin.  It  will  be  observed  that 
these  figures  are  derived  from  the  body  of  the  square  and 
are  determined  by  a  line  drawn  from  12  on  the  tongue  to  the 
degree  mark  corresponding  to  the  miter  angle. 

A  line  drawn  from  12  on  the  tongue  of  a  square  to  the 
22i°  mark  on  the  circle  passes  through  the  body  at  4.97  inches. 
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As  22i°  is  the  miter  anele  for  an  octagon,  then  the  correct 
figures  to  use  in  laying  out  an  octagon  are  12  and  4.97  ioches. 
In  other  words,  4.97  inches  is  the  tangent  of  22i°. 

59.  Fig.  34  shows  the  construction  of  an  octagon,  using 
the  angles  as  shown  in  Fig.  33.  To  find  the  center  of  the 
octagon,  draw  a  perpendicular  line  from  6  on  the  body  of 


the  square,  intersecting  the  221"  line  at  C.  This  point  will 
also  be  the  center  of  either  an  inscribed  or  a  circumscribed 
circle.  It  will  readily  be  seen  that  the  line  W  C  is  half  the 
length  of  one  of  the  sides.  The  bridge  measure  of  12  and 
4.97  is  the  diameter  of  the  circumscribing  circle.  The  diam- 
eter of  the  inscribed  circle  may  be  found  by  dividing  the 
length  of  the  side  by  the  miter.     The  bridge   measure  of 
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found  in  the  same  way  as  was  explained  for  findingf  the 
radius  of  a  circle  inscribed  in  an  octagon.  The  bridge 
measure  of  12  and  6.93  is  13.856  inches.  The  foregoing 
remarks  will  apply  to  all  regular  polygons. 


DE9CBtBI>4C)    CURVED   OUTLINES 
61.     To   Describe   a   Circle   With   the  Square. — In 

order  to  describe  a  circle  with  a  square,  first  drive  two  pins 
or  nails  c  and  donA  line  A  B,  as  shown  in  Pig.  36,  and  the 

/7 
/  / 


distance  between  the  points  c  and  d  will  be  the  desired 
diameter  of  the  circle.  Then,  with  the  inner  edges  of  the 
square  pressing  against  the  pins  and  a  pencil  point  placed 
as  at  e,  revolve  the  square  around  the  pins,  and  thus  obtain 
one  half  of  the  circumference.  Reverse  the  square  for  the 
other  half. 

This  same  principle  may  he  applied  in  testing  a  block 
of   wood   that   has   been   gouged   out  so  as    to   receive   a 
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cylindrical  body,  such  as  &  core  box  for  a  cycliodrical  core. 
To  test  the  work  to  see  that  it  is  true,  place  a  square  as 
shown  in  Fig;  S7.  If  any  part  has  not  been  cut  out  deep 
enough,  the  comer  6  will  touch  that  part,  and  the  edges  a  or 
c  will  not  come  in  contact  with  the  edge  of  the  box.  If  any 
part  has  been  cut  too  deep,  the  point  c  will  not  touch  that 
part  when  the  edges  of  the  square  rest  on  the  sides  of  the 
box.  The  reason  for  this  is  that  the  angle  betweeo  two  lines 
drawn  from  any  point  on  the  circumference  of  a  circle  to  the 
extremities  of  the  diameter  is  a  right  angle. 

62.  To  Descrltw  an  Ellipse  With  the  Square. — To 
describe  an  ellipse  with  a  square,  firSt  draw  two  lines'  at  right 
angles  to  each  other,  ^s  AS  and  CZ>,  Fig.  38.  Let  A B 
represent  the  longitudinal  axis,  and  CD  the  transverse  axis, 
both  being  of  the  desired  length.  Place  the  square  so  that 
the  heel  will  rest  at  the  intersection  of  the  axes,  as  at  E,  and 
the  body  and  tongue  will  rest  on  the  transverse  and'  longi- 
tudinal axis,  respectively.  Take  a  thin  strip  of  wood,  and 
on  it  lay  off  a £f  =  ED  =  half  the  transverse  axis,  and 
ea  =  EA  =  half  the  longitudinal  axis.  Drive  nails  into  the 
strip  as  at  e  and  d,  and  make  a  hole,  as  at  a,  large  enough  to 
admit  .a  pencil  point.  Nqw,  place  the  strip  as  shown,  and 
move  the  point  a  from  A  to  D  with  e  and  d  always  touching 
ihe'square;  then,  the  point  a  will. describe  one-fourth  of  the 
ellipse.  In  the  same  way,  by  reversing  the  square^  the  rest 
of  the  ellipse  may  bedrawn. 

This  method  may  be  used  in  constructing  centers  for 
elliptical  arches,  and  ellipses  from  a  very,  small  size  up  to 
36  in.  X  48  in-  may  thus  be  made,  l^e  method  described  is 
on  Uie  Agme  principle  as  the  elliptical  trammel,  the  steel 
square  taking  the  place  of  the  -trammel  frame. 
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I^AYINO  OUT  VARIOUS  PARTS  OF  A  STRUCTURE 
63.  Iiaj'Injt  Ont  Stairs. — To  obtain  the  figures  on  a 
square  required  to  la;  out  a  stringer  for  a  straight  stairway, 
it  is  first  necessary  to  know  the  rise  and  the  run,  or  the  dis- 
tance between  floors  and  the  length  of  space  available.  In 
Fig.  39  the  distance  between  floors  is  10  feet  6  inches,  or 
126  inches,  and  the  run  is  12  feet  9  inches,  or  153  inches. 
There  will  be  18  risers.    To  find  the  height  of  each  riser. 
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divide  126  inches  by  18,  which  equals  7  inches.  The  width 
of  the  threads  are  found  by  dividing  the  run,  153  inches,  by 
17,  which  equals  9  inches.  Then,  by  taking  7  inches  on  the 
body  and  9  inches  on  the  tongue,  and  marking  along  the 
body  for  the  tread  and  along  the  tongue  for  the  riser, 
the  stringer  may  be  marked  out  as  shown  in  the  illustration. 
As  the  floor  at  the  landing  makes  one  of  the  steps,  there  is 
one  tread  less  than  there  are  risers. 

64.     Layint^  Out  Stair  Stringers. — In   an   open-stair 
stfjnger,  the  risers  and  stringers  are  mitered,  and  although 
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they  stand  at  an  angle  of  45°  to  each  other,  the  miter,  owioe 


to  the  pitch  of  the  stair  stringer,  is  not  a  square  one,  but 

changes  with  the  pitch.     In 

Fig.  40  (o)  is  shown  how  the 

cut  on  the  stringer  may  be  ob-  , 

tainedbymeansof thesquare.  j^ 

The  pitch  board  at  (*)  shows  | 

a  tread  of  8  inches  and  a  rise  * 

of  6  inches;  the  hypotenuse  i 

is  therefore  10  inches.    Take  | 

the  length  of  the  tread,  which  * 

in  this  case  is  8  inches,  on  t^"  ■ 


tongue  of  the  square,  and  &! 
the  length  of  the  hypotenuse,  ^ 
which  is  10  inches,  on  the  | 
body  of  the  square,  and  apply  j^ 
tothestringerasshownat(a),  | 
marking  along  the  body  for  i 
the  miter  cut.  The  cut  on  i  -. 
the  riser  will  be  a  45°  angle. 

65.    Laying  Out  Square  ^°    , 

Hoppers. — A   thorough  ^/ 

knowledge  of  how  to  obtain  ^°- " 

the  several  cuts  in  hoppers  will  be  of  great  assistance  in  Td$[ 
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framing.  In  Fig.  41  is  shown  a  method  of  laying  out  hopper 
bevels  with  the  steel  square.  While  there  are  a  great  many 
methods  for  finding  the  cuts  for  hopper  bevels,  the  one  shown 
is  the  simplest  and  perhaps  the  easiest  to  remember. 


V    "     "  Pio.  19 

In  the  illustration,  A F  md  ED  are  two  lines  at  right 
angles  to  each  other;  A  B  CD  represents  the  cross-section  of 
one  side  of  the  hopper,  and  consequently  the  pitch.  From  D 
draw  DFsX  right  angles  to  AD,  intersecting  the  vertical 
liib  A  F.     Then,  the  distance  A  D  taken  on  the  body  of  the 
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square  and  A  E  taken  on  the  tongue  of  the  square,  by  cutting 
along  the  tongue,  will  give  the  cut  across  the  square  edge  for 
the  miter;  AV  on  the  body  and  ED  on  the  tongue,  cutting 
along  the  tongue,  will  give  the  cut  across  the  face  of  the 
board;  ^Z^on  the  body  and  EE  on  the  tongue,  cutting  along 
the  tongue,  will  give  the  cut  for  the  butt  joint. 

66*  It  is  not  necessary  to  make  a  drawing  in  order  to  get 
the  numbers  used  on  a  square  to  lay  out  these  several  cuts. 
Fig.  42  illustrates  the  method  of  using  the  square.  A  B 
represents  a  line,  or  a  straight  edge.  It  is  desired  to  find 
the  several  cuts  on  the 
plank  C  in  order  to  make 
a  square  hopper,  the  hop- 
per to  pitch  14  inches  in 
12  inches,  or,  in  other 
words,  the  rise  is  14  inches 
and  the  run  is  12  inches. 
Place  square  No.  1,  as 
shown,  along  the  line,  or 
straight  edge,  and  make 
a  mark  at  14  inches  on 
the  body;  also,  scribe 
along  the  tongue  and 
make  a  mark  at  12  inches. 
Next,  place  the  square  as 
shown  at  No.  2,  with  the 
heel  resting  on  the  mark 
made  at  12  and  the  body 
on  the  mark  made  at  14. 
It  will  be  found  that  the 
mark    on    the    body    of  (^> 

square   No.  2,   where   it  Pio.  *» 

rests  at  14,  will  be  ISiV  inches,  and  that  the  tongue  of 
square  No.  2  will  rest  on  line  A  B  aX  15i}  inches.  Now, 
take  the  bridge  measure  of  ISrV  and  15-H  inches  and  it  will 
be  found  to  measure  24A  inches.  The  rise  of  the  hopper 
is  14  inches  in  12  inches;  therefore,  subtract  14  from  24s^ 
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aain.  To  use  these  figures,  take 
ol  the  square  and  14  inches  on  the 
the  miter,  18tV  inches  on  the  body 
ue  for  the  face,  and  18-^  inches  on 
on  the  tongue  for  the  hutt  joint. 
I  several  cuts  in  a  hopper.  lUus- 
sr  joint  at  a  and  the  face  cut  at  d. 


DUtt  joint,  and  d,  the  face  cut.  The 
lie  same  whether  a  miter  joint  or  a 

isented  another  method  of  finding 
ipper.  Make  A  B  and  CD  at  right 
1,  draw  the  line  C£  at  the  desired 
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pitch.  In  this  case,  the  pitch  is  the  same  as  that  shown  ia 
Pi£f.  42.  With  i'  as  a  center  and  f  C  as  a  radius,  draw  the 
arc  C£,  intersectine  the  liae  ££  drawn  at  right  angles 
to  j4  B.  Connect  E  with  F\  then,  the  angle  EFB  is  the 
correct  angle  to  cut  across  the  face  of  the  board.  Square 
No.  1  shows  the  application. 

To  find  the  miter  cut  on  the  square  edge  of  the  board, 
take  the  points  C  and  B  in  the  compasses  and  describe  the 
arc  BG  with  C  as  a  center.  Connect  G  with  F;  then,  the 
angle  GFC  is  the  correct  angle  for  miter.  Square  AV,  2 
shows  the  application. 

In  order  to  get  the  butt  joint  on  the  square  edge,  draw  the 
line  BD  at  right  angles  to  CB;  then,  at  some  point  on 
the  line  BD,  erect  a,  perpendicular  passing  through  F. 
With  ^as  a  center,  and  a  radius  F/f,  draw  the  arc  H/,  inter- 
secting the  line  A  B  at  I.  Connect  /  and  C;  then,  the 
angle  CIF-viWX  be  the  correct  cut  for  the  butt  joint.  Square 
No.  3  shows  the  application. 

69.  The  principles  underlying  the  solution  of  hopper 
cuts  are  of  inestimable  value,  especially  for  roof  framing 
and  for  all  splayed  work.  A  hipped  comer  of  a  roof  is 
nothing  more  than  an  inverted  hopper.  The  bevels  found 
for  the  face  and  miter  cuts  for  a  hopper  are  identical  with 
the  bevels  necessary  to  cut  the  face  and  miter  of  roof  boards 
that  intersect  on  a  hip  or  in  a  valley.  These  bevels  are  also 
the  same  as  the  bevels  required  to  cut  purlins  that  intersect 
either  against  the  sides  of  hips  or  valleys,  or  on  the  back 
face  of  same.  The  same  figures  on  the  square  would  be 
used  for  mitering  a  splayed  molding,  as  for  a  hopper  with 
equal  pitch. 

The  relation  of  hoppers  to  roofs  will  be  taken  up  in  the 
articles  dealing  with  roof  construction. 

70.  lUiylDK     Out     aD     Octagon    Bay    Window. — A 

method  of  laying  out  an  octagon  bay  window  is  shown  in 
Fig.  45  (a),  where  AB  represents  the  line  of  the  building. 
The  sides  of  the  octagon  are  40  inches  long.  To  determine 
the  length  that  will  be  taken  up  along  the  sill,  it  will  be 

lOS— 39 
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necessary  to  know  the  length  from  A  to  E,  or  the  base  o£ 
the  right  triangle  with  a  40-inch  hypotenuse.  By  referring 
to  Fig.  46  {b),  it  will  be  seen  that  the  bridge  measure,  or 
the  hypotenuse,  of  12  inches  on  the  tongue  and  12  inches  on 
the  body  is  practically  17  inches.  Now,  by  revolving  the 
12-inch  mark  on  the  body  to  the  line  of  the  tongue,  produced, 


,  ^"Xi 


^'-, 


it  will  be  seen  that  the  line  from  a  to  3  is  5  inches  longer 
than  the  12  inches  on  the  tongue.  Then,  to  find  the  base, 
knowing  the  hypotenuse,  multiply  the  hypotenuse  by  -H- 
In  Fig.  45  (a),  the  hypotenuse  is  40  inches,  and  40  X  if 
=  28.23,  or  28J,  inches.  The  distance,  then,  from  A  Xo  E 
is  28(  inches,  and  the  distance  from  ^to  B  is  also  28i  inches. 
It  is  Quite  evident  that  the  distance  from  E  to  F  is  equal  to 
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CG,  and  is  therefore  40  inches.  Thus,  the  total  distance 
along  the  sill  from  ^  to  j9  is  28i  +  28i  +  40  =  96i  inches. 
The  distance  may  also  be  found  in  the  following  manner: 
It  is  quite  evident  that  the  distance  A  D  is  equal  to  40  inches, 
and  that  the  distance  BN  is  equal  to  40  inches.  Now,  if  the 
distance  D/f  were  known,  the  length  of  the  sill  could  be 
fonnd.  The  distance  A  E  has  already  been  shown  to  be 
H  of  40,  and  the  distance  AD,  H  ot  40.  Therefore,  D  is 
over  on  EF-^  of  40,  and  the  distance  EH  is  over  on  EF 
iV  of  40.  Thus,  DH  is -hot  40,  making  D  H  equal  to  very 
nearly  16i  inches. 

71.  The  squares  in  Fig.,  45  (a)  show  the  method  of 
getting  the  cuts  in  order  to  fit  the  sills  in  place.  The  dotted 
line  from  C\.o  D  show's  the  miter,  and  by  taking  284  inches 
on  the  body  of  the  square  and  11?  inches  on  the  tongue  of 
the  square,  cutting  along  the  tongue  will  give  the  miter  cut. 
These  are  not  the  figures  used  on  the  square  in  Fig.  45,  but 
they  bear  the  same  relation,  as  will  be  seen  by  the  propor- 
tion 28i-  :  Uj  =  12  :  5.  By  referring  to  Fig.  45  Kb),  the 
figures  12  and  5  may  be  verified.  If  the  distance  on  the 
house  is  givenj  the  length  of  one  side  of  the  octagon  may 
be  found  by  dividing  the  distance  by  2^.  To  find  the  dis- 
tance on  the  house  when  the  side  is  given,  multiply  the 
length  of  one  side  by  2^. 

72.  Hlter  and  Face  Cuts  for  Anj  Angle  and  Any 

Bplay. — In  Fig.  46  is  shown  a  method  of  finding  the  figures 
on  the  square  that  will  give  the  miter  and  face  cuts  for  two 
pieces  meeting  at  an  angle  of  135°,  and  with  a  splay,  or 
inclination,  of  10  inches  in  12  inches  from  the  vertical.  In 
other  words,  the  figure  represents  one  comer  of  an  octagonal 
hopper.  The  line  AB  i^  the  line  of  miter,  in  plan,  and  CD 
is  the  inclination  of  the  side. 

From  the  base  line  EA,  erect  a  perpendicular,  drawn  to 
some  convenient  scale  at  C,  making  the  line  12  inches  long. 
Then,  from  the  point  H,  draw  the  line  HI  parallel  with  the 
base,  making  this  line  10  inches  long.  Connect  C  with  /, 
and  with  C  as  a  center,  describe  the  arc  H D\  then  CD  will 
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be  the  inclination  and  the  correct  width  of  thi 
the  point  D,  let  fall  a  perpendicular  to  the 
ducins  the  line  indefinitely  below  EA.  At 
pendicular  to  CD,  meetine  the  base  line  at  t 
center,  describe  the  arc  E  G\  also,  with  th 
describe  the  arc  CF.  At  any  convenient  pc 
line  EA,  as  at  A,  construct  the  angle  that 
make.  In  this  case,  the  angle  that  one  side 
other  side  is  180°  -  135°  =  45".  From  A,  1 
of  135",  also  erect  a  perpendicular  extendinE 
both  sides  of  the  line.    From  D,  draw  a  lir 


the  base  line  and  intersecting:  the  bisectine 
A  B  will  be  the  miter  line  in  the  plan.  Fron 
draw  lines  parallel  with  the  base  line  and  i 
vertical  line  from  A  at  the  points  K  and 
Connect  K  and  J  with  B\  then,  the  angle  fo 
be  the  face  angle,  and  that  at  J,  the  miter  ai 
measure  along  the  vertical  line  12  inches  to  . 
a  perpendicular  to  the  vertical  line  and  m 
tance  N L.  Then,  for  the  face  cut,  take  1' 
body  of  the  square  and  3A  inches  on  the 
square,  and  the  tongue  will  give  the  cut.  F< 
measure  12  inches  from  y  along  the  vertical 
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(PART  2) 
ROOF  FRAMING 


POOF  MEMBERS 

It  The  steel  square  may  be  used  to  solve  many  problems 
that  would  be  very  intricate  without  its  aid;  but  its  greatest 
usefulness  is  in  roof  framing,  to  which  class  of  work  it 
seems  particularly  adapted.  In  treating  on  the  uses  of  a 
steel  square  for  roof  framing,  the  several  members  of  a  roof 
will  be  considered  separately,  and  then  examples  of  complete 
roofs  of  both  equal  and  unequal  pitch  will  be  given. 

As  the  methods  of  using  the  steel  square  differ  in  various 
sections  of  the  country,  a  diversity  of  methods  will  be  given, 
so  that  a  broad  knowledge  may  be  obtained  of  the  instru- 
ment and  of  the  different  ways  of  using  it  to  obtain  the 
same  results. 

2.  Run,  Rise,  and  Pitch. — The  ran  of  a  rafter  Is  the 
horizontal  distance  from  the  extreme  end  of  the  foot,  or 
the  outer  edge  of  the  plate,  to  a  plumb-line  from  the  ridge. 

The  rise  of  a  rafter  is  the  perpendicular  distance  from 
the  top  of  the  ridge  end  of  the  rafter  to  the  level  of  the 
foot,  or  of  the  plates. 

The  pitch  of  a  roof  is  the  proportion  that  the  rise  bears 
to  the  whole  width  of  the  building. 

atfrigkUd  ty  JnUrntioHal  Tirltook  Cmpaiv.    £<tUrtd  at  Slalmuti'  Hall,  Londnt 
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4.  In  Fig.  2  are  shown  the  pitches  of  roofs  I 
of  from  1  inch  to  24  inches  per  foot.  By  con 
span  of  a  building  as  24  inches,  the  pitch  of  the 
designated  as  some  proportional  part  of  the 
instance,  if  the  rise  is  16  inches  in  a  run  of  12 
the  pitch  will  be  H,  or  f ,  as  has  already  beei 
Fig.  2  is  introduced 
at  this  place  in  order 
to  more  fully  illus- 
trate the  term  pitcA, 
as  it  is  very  important 
that  the  rise  per  foot 
should  be  known  even 
if  a  certain  pitch  or 
total  rise  is  given. 


TYPES 
OF  RAFTERS 


COMMON    RABTBItS 

5.     Laying:    Ont 

Common     Rafters. 

In  Fig.  3  is  shown  a 

plan  and  elevation  of 

a  sAgd,  or  lean-lo,  roof, 

which  is  one-half  of  a 

saddle   roof.     This 

figure  also  illustrates 

a  method   of   laying 

out  a  common  rafter, 

both  the  run  and  the  '"*  » 

rise  of  the  rafter  being  10  feet.    As  placed  in  th« 

the  square  shows  a  rise  of  12  inches  to  a  foot  of 

the  same  as  a  ^  pitch.     The  figures  to  be  used  o 

therefore,  are  12  inches  on  the  body  and  12  h 

tongue  for  both  (he  foot-  and  the  plumb-cuts.    1 
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;an  be  found  by  stepping:  along  the  rafter  timber 
because  the  nm  is  10  feet. 

^n  a  portion  of  a  common  rafter  projects  beyond 
it  can  be  laid  ont  as  shown  in  Pig.  4,  which  illus- 
:tion  of  a  saddle  roof  having  a  run  of  13  feet  and 
Eeet  6  inches.  The  squares  placed  at  the  foot  and 
of  the  rafter  in  (a)  show  the  figures  12  on  the 
on  the  tongue  as  the  ones  to  be  used  to  obtain 
id  the  plumb-cuts.  As  the  run  is  13  feet,  it  will 
ry  to  step  along  the  rafter  thirteen  times  to  obtain 


of  the  rafter.  This  roof  is  a  i-pitch  roof,  the 
one-quarter  of  the  span  of  the  building.  One 
inches,  is  the  standard  measurement  taken  on  the 
:  square  to  represent  the  run.  For  the  rise,  the 
termined  by  the  number  of  inches  the  roof  rises 
:  run.  As  shown  in  the  figure,  the  lower  end  of 
projects  the  distance  j4  B  beyond  the  face  line 
plate.  This  distance  should  therefore  be  added 
th  of  the  rafter  found  by  stepping  thirteen  times. 
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To  lay  out  the  rafter,  includice  the  projectiae  portion, 
proceed  as  shown  in  Fig.  4  (l>).  Place  square  JVa.  1  at  one 
end  of  tbe  rafter  timber,  with  the  12-incb  mark  on  the  body 
and  the  6-inch  mark  on  the  tongue,  even  with  tbe  top  edge 
of  the  timber,  and  then  mark  along  the  tongue,  as  shown  at 
cd,  for  the  plumb-cut.  Step  along  the  timber  thirteen  times 
to  A',  or  to  the  12-inch  mark  on  square  No.  2.  Place  the 
square  once  more,  with  the  same  figures,  and  from  A'  draw 
the  line  A'E*.  Mark  a  point  on  this  line  at  the  required 
width  of  the  projecting  part  of  the  rafter,  as  at  £',  say 
3  inches  wide;  then,  place  the  square  at  the  mark  £',  as  shown 
by  the  dotted  square,  and  draw  a  line  for  the  foot-cut.  It  will 
be  observed  that  this  mark  is  at  right  angles  to  tbe  tongue 
of  the  other  squares  and  that  the  rafter  has  been  raised  the 
distance  A  B  above  the  plates,  as  shown  in  Pig.  4  (a). 

The  rafter  is  not  ready  to  put  in  place,  however,  until  a 
portion  of  the  top  equal  to  one-half  the  thickness  of  the 
ridge  board  is  cut  off.  If  the  ridge  board  is  2  inches  thick, 
measure  back  1  inch  at  right  angles  to  the  plumb-cut  at  the 
top  of  the  rafter.  This  cut  is  shown  in  (d).  In  practice, 
instead  of  making  two  cuts  of  the  top  of  the  rafter,  allow* 
ance  is  made  for  the  ridge  board  and  the  necessary  thickness 
removed  In  one  cut. 

7.  To  lay  out  a  common  rafter  when  the  run  contains  a 
fraction  of  a  foot,  resort  is  had  to  the  method  illustrated  in 
Fig.  5,  which  shows  at  (a)  a  gable  end  of  a  building  that  is 
21  feet  2  inches  wide  from  plate  to  plate.  For  a  building  of 
this  width,  the  rise  and  the  run  of  the  rafter  are  each  10 
feet  7  inches;  consequently,  the  roof  is  ^  pitch,  because  one- 
half  of  the  span  equals  tbe  rise.  The  figures  to  use  on  the 
square  for  the  cuts  are  12  inches  on  the  body  and  12  inches 
on  the  tongue. 

To  lay  out  the  rafter  proceed  the  same  as  was  done  in 
Fig.  4  (d).  The  distance  a  ^,  Fig.  5  (£),  represents  the  length 
of  the  rafter  for  a  10-foot  run.  Place  the  square  again  from  a, 
with  12  inches  on  the  body  and  12  inches  on  the  tongue. 
From  the  heel  of  the  square,  measure  7  inches  along  the 
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Slide  the  square  backwards  to  rf,  and  draw  the 
will  be  noticed  that  the  point  d  is  determined  by 
ition  of  a  plumb-line  drawn  from  c,  with  a  eauge 
;ing  the  thickness  of  that  portion  of  the  rafter 
sets  beyond  the  plate.     B7  this  operation,  it  is 


nn  that  an  addition  to  the  leneth  of  the  rafter  is 
nd  that  it  is  equal  to  the  distance  df.  If  the  ran 
ling  were  10  feet,  the  foot-cut  of  the  rafter  would 
itead  of  de.  . 

HIP    RAFTERS 

[nB  Out  Hip  Rafters.— Owing  to  the  fact  that 
aced  diagonally  to  the  plates  of  a  building,  and 
tch  is  less  than  the  common  rafter,  the  cuts  are 
iiflerent.  Fig.  6  [a)  shows  the  plan  of  a  true  hip 
span  of  28  feet  and  a  rise  of  8  inches  per  foot  of 
ligTires  to  be  used  on  the  square  to  obtain  the 
common  rafter  are  12  inches  on  the  body  for  the 
d   8   inches   on   the   tongue  for  the   plumb-cut. 
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The  correct  length  of  the  common  rafter  may  be  found  by 
maltiplyine  the  bridge  measure,  which  is  14iV  inches,  by  the 
run,  which  is  14  feet.  Thus,  li-h  X  14  =  202  inches,  or 
16  feet  10  inches. 

To  find  the  cuts  for  the  hips,  take  17  inches  on  the  body 
of  the  square  for  the  foot-cut  and  8  inches  on  the  tongue  of 
the  square  for  the  plumb-cut.  The  length  of  the  hip  rafter 
can  be  found  by  taking  the  bridge  measure  of  17  inches  and 
8  inches,  which  is  ISii  inches,  and  multiplying  it  by  the  run 


of  the  common  rafter,  which  is  14  feet.  Thus,  1813  X  14 
=  approximately  264  inches,  or  22  feet. 

In  any  true  hip  or  valley,  the  figures  to  use  on  the  square 
to  obtain  the  foot-  and  the  plumb-cuts,  are  17  inches  on  the 
body  and  the  rise  per  foot  of  the  run  of  the  common  rafter 
on  the  tongue. 

9.  In  order  to  make  the  hip  or  valley  rafter  fit  close  to 
the  ridse,  another  cut  besides  the  plumb-cut  is  required  at 
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rt  is  called  the  side  cat  of  the  hip  or  valley. 
in  the  side  cut,  take  17  inches  on  the  tongue 
rid  the  length  of  the  hip  on  the  bod;  of  the 
ilong  the  body. 

the  length  of  the  hip  per  foot  of  run  is  18H 
mtly,  by  taking  17  inches  on  the  tongue  of 
.8if  on  the  body  of  the  square  and  cutting 
will  give  the  side  cut  for  the  hip  rafter  for 
!^s  shown  in  (^},  the  square  is  applied  to  the 


hip  rafter  at  the  figures  17  and  ISfi  on  the 
e  the  figures  to  use  for  the  ^-pitch  roof. 

shown  the  application  of  the  square  to  6nd 
plumb-cuts  for  the  hip  in  a  i-pitch  roof.  The 
1  also  give  the  ctits  for  a  valley  rafter  in  a 
tie  method  described  here  is  known  as  the 
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The  reason  for  using  17  inches  on  the  body  of  a  steel  square 
when  laying  out  a  hip  rafter  will  be  made  clear  by  an  inspec- 
tion of  Fig.  7.  Here,  A  B  CD  represents  one  end  of  a  hip 
roof  24  inches  wide,  in  which  ED  is  the  run  of  the  common 
rafter,  and  ^^and  C£the  run  of  the  hip  rafter.  If  the  run 
of  hip  BE  M  revolved  to  the  line  of  the  common  rafter,  the 
distance  EF  will  be  17,  or,  to  be  exact.  16.97  inches.  The 
illustration  shows  the  true  pitch  of  the  common  rafter,  with 
a  run  of  12  inches  and  a  rise  of  10  inches,  and  the  true  pitch 
of  the  hip  rafter  corresponding  to  this  pitch. 


JACK-BAFTER8 

11.  iLayliiK  Ont  Jack-Rafters. — The  foot-  and  the 
plumb-cuts  of  jack-rafters  are  the  same  as  those  for  com- 
mon rafters.  Jack-rafters  differ  from  common  rafters, 
however,  in  that  a  side,  or  cheek,  cut  is  required  at  the  top 
of  a  jack-rafter,  in  order  to  make  it  fit  against  the  hip  or 
valley  rafter.  In  order  to  obtain  this  cut,  take  the  run  of 
the  common  rafter  on  the  tongue  of  the  square  and  the 
length  on  the  body  of  the  square  and  cut  along  the  body. 


In  a  i-pitch  roof,  the  run  is  12  inches,  and  the  length  of  the 
common  rafter  per  foot  of  run  is  14tV  inches;  consequently, 
by  taking  12  inches  on  the  tongue  and  14tV  inches  on  the 
body  and  cutting  along  the  body,  the  cheek  cut  will  be  found. 
In  Fig.  8  (u)  is  shown  the  application  of  the  square  at 
the  top  edge  of  a  jack-rafter  to  obtain  this  cut,  while  in  (b) 
is  shown  the  square  applied  to  the  side  of  the  jack-rafter,  in 
order  to  get  the  foot-  and  the  pluml>-cuts. 
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figures  are  beyond  the  limits  of  the  square,  it  will  be  neces- 
sary to  reduce  then,  which  is  done  by  dividing  each  num- 
ber by  the  same  divisor.  Assuming  12  for  the  divisor, 
180  -T-  12  =  15  for  the  run,  and  108  -^  12  =  9  for  the  rise. 
By  taking  15  on  the  body  of  the  square  and  9  on  the  tongue 
of  the  square  and  cutting  along  the  body,  the  foot-cut  wi)1 
be  obtained,  and  by  cutting  along  the  tongue  the  plumb-cut 
will  be  obtained. 

14.  To  obtain  the  length  of  the  rafter,  it  will  be  neces- 
sary to  step  twelve  times  along  the  rafter  timber,  or  to  mul- 
tiply the  bridge  measure  of  15  and  9  by  12.  The  rule  is  to 
step  as  many  times  as  the  number  used  for  the  divisor. 
Any  figure  may  be  used  for  a  divisor,  provided  it  will  reduce 
the  run  and  the  rise  to  figures  within  the  limits  of  the  square. 

If  9  is  chosen  as  the  divisor,  180  4-  9  =  20  and  108  -^  9 
=  12,  thus  obtaining  20  inches  for  the  run  and  12  inches  for 
the  rise.  The  20  on  the  body  of  the  square  gives  the  foot' 
cut  and  the  12  on  the  tongue  gives  the  plumb-cut.  To  get 
the  length  of  the  rafter,  multiply  the  bridge  measure  of  20 
and  12  by  9,  as  9  was  the  divisor. 

15.  Hip-  and  Talley-Rafter  Cuts.— The  cuts  and 
lengths  of  hip  rafters  and  valley  rafters  are  found  by  the 
operation  just  described.  For  a  roof  of  equal  pitch,  the  plan 
lines  of  the  hip  or  valley  are  in  a  known  proportion  to  the 
plan  lines  of  the  common  rafter.  This  proportion  may  be 
expressed  by  a  rule  as  follows: 

Rule. — TAe  run  of  the  common  rafUr  is  to  the  run  of  the  hip 
or  the  valley  rafter  as  12  is  to  17;  thai  is,  for  every  foot  of  run 
of  the  common  rafter,  the  hip  or  tfie  valley  rafter  will  be  tl  incites. 

Thus,  the  plan  lines  of  the  hips  in  Fig.  9  will  measure 
21  feet  3  inches.  To  find  the  foot-  and  the  plumb-cuts  of 
the  hip  rafter,  reduce  the  21  feet  3  inches  to  inches,  which 
equals  255  inches.  The  rise  of  9  feet  is  equal  to  108 
inches.  Reducing  these  figures  to  the  limits  of  the  square 
by  dividing  by  12,  gives  a  run  of  1\\  and  a  rise  of  9  inches; 
then,  21}  inches  on  the  body  of  the  square  will  give  the 

1J8— 40 
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ihes  on  the  tongue  will  give  the  plumb-cut, 

igth  of  the  hip  rafter,  step  along  the  timber 

multiply  the  bridge  measure  of  2H  and 


cli  Method. — The  6-lnch  method  of  lariogr 
rs  is  applicable  only  to  a-pitch  roofs.     With 

lengths  of  all  roof  members  may  be  found 
es  to  each  foot  of  run,  as  scaled  from  the 
.   10  shows  the  plan  of  a  roof  with  three 

valleys,  the  pitch  of  the  common  rafters 
rise  for  each  foot  of  run,  or  a  i  pitch.     The 

common  rafters  are  12  feet;  consequently. 
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by  addine  6  inches  twelve  times  to  the  run  of  the  common 
rafter,  the  leneth  of  this  rafter  will  be  found.  Thus,  5  X  12 
=  60  inches,  or  5  feet,  and  12  +  5  =  17  feet,  which  is  the 
length  of  the  rafter. 

To  find  the  cuts,  take  iS  on  the  body  and  12  un  the  tongne, 
and  apply  the  square  to  each  end  of  the  rafter. 

To  find  the  length  of  the  valley,  add  5  inches  to  each  foot 
of  its  17-foot  run.     Thus,  17  X  B  =  85  inches,  or  7  feet  1  inch; 


adding  this  result  to  17  feet  will  give  24  feet  1  inch  for  the 
length  of  the  valley.  Measure  this  length  along  the  valley 
timber,  and  at  each  end  apply  the  square  with  17  on  the  body 
and  12  on  the  tongue;  the  body  will  give  the  foot-cut  and 
the  tongue  will  give  the  plumb-cut. 

17.     The  length  of  all  the  jack-rafters  maybe  determined 
by  the  foregoing  process.    The  jack-rafters  in  Fig.  10  are 
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I  2  feet  from  center  to  center;  consequently,  jack-rafter 
is  2  feet  shorter  in  plan  than  the  common  rafter,  thns 
£  the  run  of  this  jack-rafter  10  feet.  Now,  by  adding 
les  for  each  foot  of  run,  the  length  of  the  jack-rafter 
w  obtained.  Thus,  10  X  5  =  50  inches,  or  4  feet 
les;  adding  this  distance  to  the  run  of  the  jack-rafter 
14  feet  2  inches,  which  is  therefore  the  length  of  jack- 

No.  2.     The  length  of  the  next   jack-rafter  will  be 

10  inches  shorter,  or  11  feet  4  inches. 

Roof  Framing  From  Plan  IJtneB. — Pig.  11  illus- 
tbe  plan  lines  of  a  hip-and-valley  roof  of  equal  pitch. 


lines  showing  the  foot-  and  the  plumb-cuts  and  the 
IS  of  all  the  rafters.  The  method  of  framing  from  plan 
;an  be  applied  only  to  roofs  of  4  pitch,  but  as  this  pitch 
bably  used  more  extensively  than  any  other,  a  knowl- 
of  the  method  may  prove  of  value.  The  plan  of  the 
s  usually  drawn  to  a  large  scale,  H  inches  to  the  foot 
g  a  convenient  scale,  as  each  i  inch  on  the  scale  will 
1  inch  on  the  roof. 

In  Fig.  11  are  shown  two  hips  on  the  right  side  of 
ixilding,  while  on  the  left  are  shown  two  rafters  of  the 
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wide  gable.  The  leneth  of  these  rafters  is  equal  to  t 
lines  of  the  hips.  The  dotted  lines  on  the  left  are  an  el 
of  the  common  rafters,  and,  as  will  be  observed,  tbei 
and  the  angles  they  make  with  each  other  are  the  s 
the  plan  lines  of  the  hipped  end;  therefore,  the  consi 
of  an  elevation  is  not  necessary. 

The  length  of  the  common  rafter  may  be  found  by 
the  plan  lines  of  the  hips;  or,  in  other  words,  the  rmi  of 
is  equal  to  the  length  of  the  common  rafter.  The  sami 
of  the  rafters  and  plan  lines  of  the  valleys  in  the  fron 

20.  The  similarity  of  lengths  and  of  angles  betwe 
mon  rafters  and  hip  rafters  or  between  common  rafi 
valley  rafters  is  the  fundamental  principle  underly 
method  of  framing  from  plan  lines.  As  the  run  of 
has  the  same  length  as  the  common  rafter,  it  is  qt 
dent  that  the  angle  that  jack-rafter  No.  1,  Fig.  11,  for 
the  run  of  the  hip  will  be  the  pIumtM:ut,  and  the  an 
the  run  of  the  hip  makes  with  the  end  plates  will 
foot-cut. 

The  angles  of  jack-rafters,  where  they  intersect  hii: 
or  valley  rafters,  are  equal  to  45°,  and  by  taking  12  in 
both  the  body  and  the  tongue  of  the  square,  the  plui 
the  foot-cuts  can  be  obtained. 

The  jack-rafters  may  also  be  laid  out  on  this  san 
cipie.  Space  the  jack-rafters  as  shown — jack  J^o. 
No.  2,  etc.  By  scaling  the  plan  line  of  the  hip  from 
the  length  of  jack-rafter  No.  1  will  be  found.  Th 
rafter  is  equal  m  length  to  the  common  rafter,  and  the 
and  the  foot-cuts  are  the  same  as  for  the  common  ra 

By  scaling  the  plan  line  of  the  hip  from  A  to  the 
jack-rafter  No.  2,  the  length  of  the  latter  can  be  foun 
same  process  of  scaling  the  plan  line  of  the  hip  will  i 
exact  length  of  all  the  other  jack-rafters. 

The  plan  line  of  jack-rafter  No.  3  is  shown  at  C. 
out  this  rafter,  continue  the  plan  line  of  the  valley 
intersects  the  main  ridge;   then  CD  will  be  the  le 
jack-rafter  No.  3. 
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21.  To  lay  out  the  hip,  the  plan  line  of  jack-rafter  No.  1 
is  revolved  to  E,  a  point  on  the  plan  line  of  the  hip.  E  is 
then  connected  with  A,  and  EA  is  the  length  of  the  hip 
rafter.  B  E  is  equal  to  the  rise,  or  the  distance  that  the 
main  ridge  is  above  the  plates. 

The  same  process  is  shown  applied  to  the  valley  of  the 
front  gable.  The  angles  that  these  lines  form  with  the  plan 
lines  of  the  two  hips  and  the  two  valleys  define  the  foot- 
and  the  plumb-cuts.  The  figures  to  be  used  on  the  square 
to  lay  out  the  cuts  for  the  hips  and  valleys,  are  12  on  the 
tongue  and  17  on  the  body,  the  tongue  giving  the  plumb-cut 
and  the  body  the  foot-cut. 

22.  To  T^ny  Out  a.  Hip  or  Valley  for  Equal-Pitch 
Roorci. — In  roofs  of  equal  pitch,  the  seat  of  the  hip  or  the  val- 
ley stands  at  an  angle  of  45°  with  the  plates  of  the  building,  as 
shown  in  Fig.  12.  In  this  figure,  the  run  of  rafter  is  12  feet, 
while  the  rise  is  8  feet,  thus  making  the  roof  i  pitch.  The 
figures  to  be  used  on  the  square  to  get  the  plumb-  and  foot- 
cuts  are  12  on  the  tongue  and  8  on  the*ody,  as  shown  by  the 
application  of  square  No.  1  to  the  pitch  of  the  rafter.  By 
drawing  a  vertical  line  from  the  heel  of  square  No.  1  to 
intersect  the  seat  of  the  hip,  and  placing  the  heel  of  square 
No.  2  at  the  point  of  intersection,  it  will  be  found  that  17  on 
the  tongue  will  come  to  the  comer  C  of  the  building,  thus 
showing  that  a  12-inch  run  on  the  common  rafter  is  equal  to 
a  17-inch  run  on  the  hip  or  valley. 

Square  No.  1  shows  a  12-inch  run  to  an  8-inch  rise  for  the 
common  rafter,  and  square  No.  2  shows  a  17-inch  run  to  an 
8-inch  rise  for  the  hip.  The  figures  17  and  8  are  to  be  used 
on  the  square  when  laying  out  the  hip  rafter  or  valley  ^fter, 
as  the  case  may  be.  It  should  be  remembered,  however, 
that  these  figures  apply  only  to  hips  and  valleys  on  equal 
pitch  roofs.  In  all  roofs  of  this  description  and  of  any  pitch, 
provided  the  pitches  are  equal,  17  on  the  tongue  of  the  square 
and  the  rise  per  foot  of  run  of  common  rafter  on  the  body  of  the 
square  will  be  the  figures  to  use  for  the  foot-  and  plumb-cuts. 
For  the  length  of  the  rafter,  it  will  be  necessary  to  -step  along 
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to  H\  again,  if  the  roof  is  revolved  in  an  oppo 
the  point  E  will  revolve  to  H' ,  and  triaoele 
AH' B  will  be  equal  in  every  respect. 

The  roof  in  the  position /i/^'5  shows  the  tn 
true  angles,  and,  consequently,  when  in  this 
square  or  bevel  can  be  laid  on  any  piece  and  1 
taken.  Thus,  the  bevels  at  1  and  2  are  the  trt 
the  roof  boards  and  jack-rafters  make  at  the  hi; 

24.  In  any  right  triangle  in  which  the  true 
the  sides  are  shown,  the  figures  to  use  on  the 
any  piece  to  fit  the  sides  or  angles  may  be 
taking  the  length  of  two  of  the  sides,  provided 
is  parallel  with  one  of  the  sides.  Thus,  for  t 
the  jack-rafter,  one  side  of  the  triangle  is  9  feet 
is  10  feet  10  inches,  the  former  being  the  run  : 
the  length  of  the  common  rafter.  Then,  by  tal 
the  tongue  and  10  feet  10  inches  on  the  bod] 
along  the  body  of  the  square,  the  side  cut  of  t 
will  be  obtained.  In  order  to  get  these  figui 
limits  of  the  square,  it  is  necessary  to  reduce  t 
dividing  each  side  by  the  same  number.  In 
divisor  will  be  12,  which  is  the  same  as  ca 
inches.  Then,  take  9  inches  on  the  tongue  of  t 
lOi?  inches  on  the  body  of  the  square,  and  cut  a1 

From  the  foregoing  explanation,  the  followic 
side,  or  cheek,  cut  of  jack-rafters  is  deduced: 

Bule. — To  find  the  cheek  cul  for  jack-raflers, 
on  Ike  tongue  of  the  square,  and  the  length  of  com 
fool  of  run  on  body  of  the  square  and  cut  along  i' 

25.  Pig.  14  illustrates  the  application  of 
the  top  edge  of  a  jack-rafter.  The  plumb-cv 
rafter  will  be  the  same  as  the  plumb-cut  for 
rafter. 

26.  On  account  of  the  roof  boards  being  a 
to  the  jack-rafters,  the  face  cut  will  be  the  sami 
cut  of  the  jack-rafters,  except  that  the  cut  is  m 
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tOQgue  o£  the  square.  Fig.  15  (a)  shows  the  square  applied 
to  the  face  of  the  board,  while  id)  shows  the  figures  to  use 
if  the  roof  board  is  to  be  mitered  so  as  to  make  a  tight  joint 
at  hip  or  valley. 

27.  Purlins  and  Boot  Boards. — In  Fig.  16  (a)  is 
shown  part  of  the  plan  of  a  hipped  roof  with  purlins  and 
roof  boards  in  place.  Above  the  plan  is  shown  the  elevation 
of  the  common  rafters,  and  a  section  of  the  purlin  and  a 
roof  board.  In  {i)  is  shown  a  method  of  obtaining  the  face 
cut  and  miter  cut  for  either  the  piurlius  or  the  roof  boards. 


The  line  ^  C  represents  the  length  and  pitch  of  the  common 
rafters;  AB,  the  run  of  the  common  rafters;  and  BC,  the 
rise  of  the  roof.  Take  -4  as  a  center  and  the  run  AB  as  a 
radius,  and  describe  the  arc  DB£,  cutting  the  rafter  line 
in  D  and  the  line  /4  F  (which  is  drawn  at  right  angles  to  /I  C 
through  A)  in  £.  Connect  CE  and  FD,  and  the  angle 
at  £>  will  be  the  miter  angle  for  either  the  purlin  or  the  roof 
board,  and  the  angle  at  E  will  be  the  face  angle. 
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It  will  be  observed 
obtained  in  Fig.  13,  t 
method  is  limited  to  i 
pitch.  If  a  45°  pitch 
bevel  angles  would 
have  been  equal. 

This  method  ma? 
also  be  applied  to 
hoppers  or  any  other 
work  where  the  jambs 
and  heads  are  splayed, 
such  as  doors,  win- 
dows, etc. 

28.  Beat  Cat  tor 
Hip  or  Valley. — 

The  lollowing  method 
may  be  used  to  lay 
out  the  seat  cut  of 
a  hip  rafter  or  a  valley 
rafter  so  that  the  top 
edge  of  the  rafter — 
backed  or  not  backed 
— will  be  in  the  same 
planes  as  the  inter- 
secting roofs.  As  the 
hip  or  valley  is  placed 
diagonally  to  the 
plates  of  the  building, 
and  the  pitch  is  differ- 
ent than  the  pitch  of 
the  common  rafter, 
there  will  be  a  differ- 
ence in  the  foot-cuts. 
At  a.  Fig.  17,  is  shown 
the  plan  lines  of  a  b 
one  corner  of  a  build! 
the  pitch  of  the  comn 
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rafter.  It  will  be  noted  that  the  common  rafter  has  a 
i  pitch,  and  that  the  figures  on  the  square  for  this  pitch  are 
12  and  J2,  while  the  figures  for  the  corresponding  hip  and 
valley  rafters  are  17  and  12. 

29.  Fig.  17  also  illustrates  the  method  of  determining 
the  thickness  of  the  hip  or  the  valley  rafter  above  the  plate, 
to  correspond  with 
the  thickness  of  the 
common  rafter.  If  a 
hip  is  to  be  laid  out, 
its  plan  lines  will 
intersect  the  plates  at 
M  and  N,  while  a 
valley  will  intersect 
the  plates  at  O  and  P. 
Lay  oS  AfiV  and 
W^  equal  to  one-half 
the  thickness  of  the 
hip  or  the  valley  tim- 
ber. Through  W  and 
5  draw  lines  parallel 
with  the  plates.  Let 
AB  represent  the 
thickness  of  the  com- 
mon rafter  above  the 
plates;  then,  the  prob- 
lem is  to  find  the 
relative  thickness  of 
the  hip  or  valley, 
^»- "  For  a  hip,  it  will  be 

noticed  that  the  same  thickness  as  that  of  a  common  rafter 
will  do,  if  the  hip  is  not  backed,  as  shown  at  G/f,  but  the 
foot-cut  must  be  extended  to  the  line  IV,  as  shown  at  ED, 
If  it  is  backed,  ED  represents  the  thickness. 

The  thickness  of  the  valley  is  shown  at  QS,  and  is  the 
same  as  that  of  the  common  rafter,  backed  or  not  backed, 
but   the   foot-cut   must   be   extended  to  A"/,.     A  rafter  is 
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backed  when  the  upper  comers 
center  of  the  rafter  on  either  side, 
be  in  the  same  plane  as  the  roof  or 
The  backing  of  a  hip  rafter  is  9h< 
illustration. 


A    B       OVTSIOEftATEUIX 


30.     Backing  Hip  or  Valley  : 

method  explains  how  to  find  the  fig 
a  hip  or  a  valley  rafter.  In  Fig. 
lines  of  one  corner  of  a  hip  roof,  i 
elevation  of  the  common  rafter, 
the  rafter.     Revolve  the  point  C 
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equal  to  one-half  the  thickness  of  the  hip.  Through  B, 
draw  the  line  B  H^  parallel  with  the  plate,  and  from  Wdraw 
a  line  WF  parallel  with  the  pitch  of  the  rafter.  At  any 
point  on  the  rafter  draw  a  section  of  the  hip  at  right  angles 
to  the  rafter.  Through  the  center  of  the  section,  draw  the 
line  O  O;  connect  O  and  G,  and  O  and  Jif;  then,  O  G  and  OM 
will  define  the  backing.  The  triangular  pieces  above  the 
lines  OG  and  OM  are  to  be  removed  from  the  hip  rafter. 
The  figures  to  use  on  the  square  to  obtain  the  cuts  are  the 
length  of  the  rafter  on  the  body  of  the  square  and  the  rise 
of  the  rafter  on  the  tongue  of  the  square.  The  cut  will  be 
along  the  tongue. 

In  [b)  the  square  is  shown  applied  to  the  rafter  timber, 
and  in  U)  the  square  is  shown  applied  to  both  sides  of  the 
hip  rafter.  If  a  bevel  instrument  is  used,  the  bevel  may  be 
set  on  the  square,  clamped  to  hold  its  position,  and  the 
angle  then  transferred  to  the  hip  timber. 


BXAMPLES  OF  ROOF  FRAUINO 


FRAMING    AN    EQUAL-PITCH    ROOF 

31.  A  complete  plan  of  a  hip-and-valley  roof  of  equal 
pitch  is  shown  in  Fig.  19.  This  is  a  representative  plan  of 
the  better  class  of  roofs  for  a  residence,  and  contains  a 
variety  of  rafters,  hips,  valleys,  and  jack-rafters.  The  width 
of  the  front  gable  is  16  feet;  that  of  the  left-side  gable, 
12  feet  6  inches;  and  that  of  the  rear  gable,  10  feet.  The 
span  of  the  main  roof  is  22  feet. 

The  front  gable  rafters  rise  8  feet  and  have  a  run  of  8  feet, 
which  is  a  rise  of  12  inches  per  foot  of  run.  For  the  foot- 
.  and  the  plumb-cuts,  take  12  inches  on  the  tongue  for  the  run 
and  12  inches  on  the  body  for  the  rise.  The  tongue  gives 
the  foot-cut,  and  the  body,  the  plumb-cut.  For  the  length  of 
the  rafter,  step  eight  times  along  the  rafter  timber.  If  the 
ridge  pole  is  1  inch  thick,  i  inch  is  to  be  cut  from  the  length 
obtained  by  stepping.     The  length  as  now  found  will  reach 
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from  the  plumb-face  of  the  plate  to  the  plumb- 
ridee  pole. 

32.  To  lay  out  the  foot-cut  proceed  as  shown 
Point  A  in  this  illustration  represents  the  length  i 
stepping  eight  times  along  the  rafter  timber  froi 
point,  and  is  therefore  plumb  above  the  face  < 


plate.  Place  the  square  with  12  inches  on  the 
12  inches  on  the  body,  as  shown  by  square  No.  1. 
upper  side  of  the  rafter,  shown  at  A  B,  gauge  t1 
at  a  distance  equal  to  the  thickness  of  the  proj 
of  the  rafter,  designed  to  support  the  cornice. 
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I.  The  line  CD  will  intersect  the  tongue  of  square 
C.     Place  the  square  at  this  point,  as  shown  by 

3.  2,  and  draw  the  line  CE,  which  will  be  the  foot- 
rafter, 

mpletes  the  lading  out  of  the  rafter.     The  remaio- 


3  for  the  front  gable  may  be  cut  by  usinj  the  foot- 
)und  as  a  templet,  or  pattern. 

'he  rear  gable  rafter  can  next  be  laid  out,  and  as 
is  equal  throughout  the  room,  the  same  figures  on 
e  are  to  be  used  to  obtain  the  foot-  and  plumb-cuts. 
I  say,  the  figures  on  the  square  that  should  be  used 
:hes  on  the  tongue  and  12  inches  on  the  body.  To 
;  length  of  the  rafter,  it  will  be  necessary  to  step 
1  along  the  rafter  timber,  owing  to  the  run  being 
!'he  operation  of  laying  out  the  foot-cut  is  the  same 
nployed  for  the  front  gable  rafter. 


'he  span  of  the  left-side  gable  is  12  feet  6  inches; 
f  the  rafter,  therefore,  is  6  feet  3  inches.  As  the 
is  rafter  contains  a  fraction  of  a  foot,  the  method 
ing  the  length  will  be  slightly  different  than  that 
1  in  laying  out  the  rafters  for  the  rear  gable.     Place 
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the  square  on  the  rafter  timber  as  before,  with  12  inches  on 
the  tongue  and  12  inches  on  its  bodjr,  and  step  alone  ^^6 
timber  six  times,  to  determine  the  length  for  a  6-foot  run. 
To  add  the  fractional  part,  3  inches,  proceed  as  shown  in 
Fig.  21.  The  point  A  is  the  length  found  by  stepping  six 
times  from  the  plumb-cut  at  B.  Lay  on  the  square  at  A  as 
for  another  step,  and  from  the  heel  C  measure  3  inches  along 
the  body,  as  shown  at  D.  Gauge  the  line  D  E  the  thickness 
of  the  projecting  portion  of  the  rafter  beyond  the  plate,  and 
draw  the  foot-cut  along  the  tongue  line  through  D,  as  shown. 

35.  The  plaa.  Fig.  19  (a),  shows  that  the  four  hips  are 
of  equal  length,  except  that  hip  G  is  cut  at  a  point  where  it 
intersects  the  ridge  of  the  left-side  gable.  It  is  considered 
better  construction  if  the  hip  is  not  made  continuous  from 
the  ridge  to  the  plate,  as  shown  by  the  dotted  line.  If  the 
hip  were  continued,  it  would  be  necessary  to  cut  all  the  jack- 
rafters  on  the  rear  slope  that  run  from  the  ridge  to  the  rear 
plate.  By  cutting  the  bip  off  at  the  ridge,  however,  it  affords 
a  clean  space  from  the  plate  to  the  dormer  ridge,  as  shown 
in  the  rear  elevation  (c). 

To  lay  out  the  long  hip  N,  Fig.  19  [a),  proceed  by  apply- 
ing the  square  to  the  hip  timber,  with  17  on  the  tongue  and 
12  on  the  body;  the  tongue  will  give  the  foot-cut  and  the 
body  will  give  the  plumb-cut.  To  obtain  the  length  of  the 
rafter,  it  will  be  necessary  to  know  the  run  of  the  rafter  that 
spans  from  the  plate  to  the  ridge.  The  run  of  the  rafter  in 
this  case  is  11  feet.  Place  the  square  on  the  hip  timber 
with  17  on  the  tongue  and  12  on  the  body,  and  step  eleven 
times;  this  will  give  the  length  of  the  rafter  from  the  plate 
to  the  ridge. 

It  will  be  necessary  to  lay  out  the  foot-cut,  as  in  the  case 
of  the  common  rafter,  but  in  order  to  do  so  the  height  that 
the  hip  is  to  be  above  the  plate  must  be  known,  so  that  it 
can  be  made  to  coincide  with  the  height  above  the  plate  of 
the  common  rafter.  Referring  to  Fig.  22,  which  represents 
a  corner  of  a  building  containing  the  lines  of  the  plates  and 
the  seat  of  the  hip,  it  wilt  be  seen  that  the  seat  of  the  hip 
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lines  OCO  and  ZB'N  square  across  the  bottom  of  the 
timber.  Conntci  B' oaA  0,  and  5' and  O';  then,  cutting  along 
these  last  two  lines  will  frame  the  hip  to  fit  against  the 
plates  at  the  internal  angle  B,  shown  in  plan  in  Fig.  22. 
This  hip  is  now  complete,  and  may  be  used  as  a  templet  to 
lay  oat  hips  D  and  C,  Pig.  19  (a). 

37.  To  lay  out  hip  G,  which  is  shown  in  Fig.  19  (a),  take 
17  inches  on  the  tongue  and  12  inches  on  the  body  of  the 
square,  as  was  done  in  laying  out  the  other  hips.  Step  along 
the  timber  four  times,  and  add  9  inches  for  the  fractional  part 
of  a  foot  that  the  run  contains.  The  run  of  the  hip  G  can  be 
found  by  taking  the  run  of  the  main  roof,  which  is  11  feet, 
and  the  run  of  the  gable  rafter,  which  is  6  feet  3  inches,  and 
then  deducting  the  6  feet  3  inches  from  1 1  feet,  which  gives 
4  feet  9  inches. 

To  lay  out  the  rafter  for  this  run,  take  12  on  the  tongue 
and  12  on  the  body  of  the  square  and  step  four  times  along 
the  rafter  timber,  completing  the  operation  by  adding  9  inches 
by  the  method  illustrated  in  Fig.  21. 

To  lay  out  the  hip,  follow  the  method  illustrated  in  Fig.  23. 
Having  found  the  length  of  the  hip  rafter,  the  plumb-cut  is 
found  by  marking  along  the  side  of  the  square  that  gives  the 
rise.  As  this  hip  butts  against  the  side  of  the  ridge  of  the 
left-side  gable,  as  shown  at  A,  Fig.  19  (a),  the  foot-cut  also 
will  be  found  by  marking  along  the  rise.  It  will  be  noticed 
that  both  cuts  are  plumb,  the  top  cut  butting  plumb  against 
the  side  of  the  main  ridge,  as  shown  at  H,  Fig.  19  [a),  and 
the  bottom  cut  butting  plumb  against  the  side  of  the  left-side 
gable  ridge. 

The  cheek  bevel  of  the  hip  to  fit  against  the  main  ridge, 
shown  at  H,  is  obtained  by  taking  the  length  of  the  rafter  on 
the  tongue  and  the  run  of  the  rafter  on  the  body  of  the  square, 
and  marking  along  the  tongue  for  the  cut.  The  cheek  cut 
for  the  abutment  at  A,  if  framed  to  fit  against  the  ridge  of 
the  left  gable,  will  be  the  same  as  that  for  the  main  ridge 
at  H\  but,  if  the  abutment  is  framed  to  fit  against  the  valley  C, 
it  will  be  a  square  cut  from  the  side  of  hip. 
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38.  To  lay  oat  valley  C,  which  is  shown  in  Fig.  19  (a), 
spanning  from  the  plate  to  the  hip  G,  take  17  on  the  body 
and  12  on  the  tongue  and  mark  along  the  body  for  the 
foot-cut  and  aloug  the  tongue  for  the  plumb-cut.  To  obtain 
the  length  of  the  rafter,  step  along  the  valley  timber  six 
times  and  then  add  the  3  inches  of  run  by  the  method  shown 
in  Fig.  23.  The  number  of  steppings  for  this  valley  is  regu- 
lated by  the  run  of  the  left-side  gable  rafter,  which  is  6  feet 
3  inches.  The  cheek  cut  will  be  square  across  the  back,  so 
as  to  butt  against  the  side  of  hip  G. 

39.  To  lay  out  the  valley  of  the  rear  gable.  Fig.  19  (a), 
marked  valley  D,  use  17  on  the  body  and  12  on  the  tongue 
for  the  foot-  and  plumb-cuts.  AS'  the  run  of  the  rear  gable  is 
5  feet,  it  will  be  necessary  to  step  five  times  along  the  valley 
timber  to  obtain  the  length.  To  frame  the  rafter  so  that  the 
cheek  cut  will  fit  against  the  ridge  of  the  rear  gable,  take 
the  length  of  the  gable  rafter  on  the  body  and  the  run  on  the 
tongue  and  mark  along  the  body  for  the  cut. 

40.  To  lay  out  valley  A  of  the  front  gable,  Fig.  19  (u), 
use  17  on  the  body  and  12  on  the  tongue  for  the  foot-  and 
plumb-cuts.  It  will  be  noticed  that  valley  A  extends  beyond 
the  ridge  of  the  front  gable  to  the  point  marked  X,  and  that 
it  butts  against  the  long  hip  D;  therefore,  this  valley  rafter 
will  be  the  distance  /VX  longer  than  its  opposite  valley  B. 

From  X,  drop  a  perpendicular  line  to  the  plates  on  the 
front  gable  at  Y.  Measure  the  distance  from  Y  to  the  ridge 
at  A'',  and  add  this  distance  to  the  8  feet,  which  will  give  the 
total  length  of  run  of  the  valley  rafter  A.  Assume  that  the 
run  of  the  valley  rafter  is  10  feet;  then,  from  this  data, 
valley  A  may  be  laid  out.  Take  17  on  the  body  of  the 
square  and  12  on  the  tongue  of  the  square  and  step  along 
the  valley  timber  ten  times,  marking  along  the  body  for  the 
foot-cut  and  along  the  tongue  for  the  plumb-cut.  The  cheek 
cut  to  fit  against  the  long  hip  at  X  will  be  a  square  cut 
across  the  back  of  the  hip. 

41.  Valley  B  is  shown  to  span  from  the  plate  to  ^f,  a 
point  where  the  ridge  of  the  front  gable  intersects  valleys  A 
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and  B,  To  Isy  out  valley  B,  take  11  on  the  body  and  12  on 
the  tongue  and  step  along  the  valley  timber  eight  times  for 
the  length.  The  cheek  cut  at  M  to  fit  against  valley  A  will 
be  a  square  cut. 

42.  To  obtain  the  cuts  for  the  jack-rafters,  use  the  same 
figures  on  the  square  as  for  the  common  rafters;  namely,  12 
on  the  tongue  and  12  on  the  body.  The  relative  difference 
in  length  may  be  determined  by  the  operation  shown  in 
Fig.  24,  where  square  No.  1  is  shown  placed  on  the  jack- 
rafter  timber  with  12  on  the  body  and  12  on  the  tongue.  If 
18  inches  is  determined  on  for  the  spacing  between  centers 
of  jack-rafters,  slide  the  square  along  the  line  of  tongue 
6  inches.  The  square  will  then  be  in  the  position  shown  by 
square  No.  S;  the  heel  will  be  at  A,  and  both  the  body  and 


the  tongue  will  have  the  figures  18  where  they  intersect  the 
side  of  timber. 

By  measuring  with  a  2-foot  rule  across  the  square  from  18 
on  the  body  to  18  on  the  tongue,  as  shown  at  square  No.  4, 
the  distance  will  be  found  to  be  25i  inches,  which  is  the 
length  of  the  shortest  jack-rafter.  Twice  this  length  will  be 
the  length  of  the  second  jack-rafter,  three  times  will  be  the 
length  of  the  third,  and  so  on. 

The  bridge  measurement  from  18  to  18  on  the  square  may 
be  taken  more  accurately  by  laying  the  square  on  a  board, 
and  then,  by  means  of  a  knife,  marking  at  right  angles  to 
the  edges  of  the  square  and  along  the  edges,  as  shown  in 
Fig.  25  (a).     At  (i)  is  shown  the  board  with  tbe  square 
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removed.  By  measurin£  in  this  way,  the  marlcs  on  the  board 
and  the  edges  of  the  square  are  more  sharply  defined. 

If  the  jack-rafters  are  to  be  placed  2  feet  from  center  to 
center,  the  square  will  have  to  be  put  in  the  position  shown 
by  square  No.  3,  Fig.  24.  The  bridge  measure  will  then  be 
34  inches,  which  will  represent  the  length  of  the  shortest 
jack-rafter.  The  rule  is  to  slide  the  square  so  that  the  body 
will  measure  the  distance  that  the  jack-rafters  are  placed 
apart. 

To  find  the  cheek  cut  for  the  jack-rafters,  so  that  they  will 
fit  against  the  sides  of  hips  or  valleys,  take  the  length  of  the 
common  rafter  on  the  body  and  the  run  of  rafter  on  the 
tongue  and  mark  along  the  body  of  the  square  for  the  cut. 


Instead  of  the  foregoing  method,  the  cheek  cut  lor  a  jack- 
rafter  can  be  obtained  by  taking  the  length  of  the  com- 
mon rafter  per  foot  of  run  on  the  body  and  12  inches  on  the 
tongue  and  cutting  along  the  body. 


FRAHIKG    AN    UNEQUAt-PITCB    ROOF 

43.  In  the  roofs  thus  far  described,  all  the  pitches  of  the 
several  surfaces  composing  the  same  roof  have  been  similar. 
Such  roofs  are  called  equal-pitch  roofs.  In  uneqnal- 
pltch  roots,  or  those  in  which  the  several  surfaces  have 
two  or  more  pitches,  however,  the  square  must  be  manipu- 
lated in  a  different  manner  when  laying  out  the  several 
rafters,  which  is  due  to  the  fact  that  all  the  runs  and  all  the 
rises  are  not  proportional.  The  elevation  of  all  the  ridges 
iti  the  several  parts  of  a  roof  may  t>e  the  same,  but  the  width 
of  the  several  wings  and  bays  may  be  different;  consequently, 
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the  rafters  would  have  different  runs.  Again,  all  the  runs 
may  be  alike,  but  the  rises  different;  or,  atl  the  runs  and  all 
the  rises  may  be  different.  Any  of  these  conditions  will 
form  an  unequal-pitch  roof. 


Fio.  a 


44.  AnalyBes  of  Hoppers. — Before  describing  unequal- 
pitch  roofs,  it  may  be  well  to  analyze  hoppers  of  unequal 
pitch,  and  then  turn  the  hopper  over,  or  upside  down,  and 
compare  it  with  a  roof.  It  will  be  found  that  the  figures  on 
the  square  to  obtain  the  cuts  for  hoppers  are  identical  with 
those  used  to  obtain  roof  cuts  of  equal  angles. 
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Fig.  26  (a)  shows  the  plan  of  a  hopper  o(  unequal  pitch, 
A,  B,  C,  and  £>  being  the  top  edges  of  the  hopper,  and 
E,  F,  G,  and  H,  the  bottom  edges,  or  discharge  side,  of  the 
hopper.  The  lines  A  E,B  F,CG,  anAD  H  are  the  plan  lines 
of  the  intersection  of  the  sides  and  ends  of  the  hopper,  while 
EK  is  the  plan  width  of  one  side  and  EL  the  plan  width 
of  one  end. 

45.  In  Pig.  26  [b)  is  shown  the  method  of  obtaining  the 
cuts  for  the  end  pieces.  Project  the  points  LE  a.i  right 
angles  to  AB,  in  (a),  and,  from  some  point,  as  E',  draw  a 
line  E'  L'  at  the  desired  pitch;  this  line  will  then  represent 
the  true  length  of  EL.  From  L'  and  at  right  angles  to  E'  L\ 
draw  the  line  OP;  produce  the  line  £' L'  to  M,  making /,' J/ 
equal  to  E  K,  or  the  run  of  the  side  of  the  hopper.  From  M 
draw  MP  and  MO;  then,  the  angle  L' MP  will  be  the  miter 
bevel,  or  the  bevel  across  the  edge  of  the  board,  and  L' MO 
will  be  the  butt  bevel. 

For  the  face  bevel,  or  cut  across  the  width  of  the  board, 
make  L'  Ji  equal  to  L'  M,  and  connect  E'  P;  then,  the  angle 
E'  RU  will  be  the  correct  bevel  to  use. 

46.  In  (c)  is  shown  the  method  of  getting  the  angles  for 
the  side  pieces  of  the  hopper.  It  will  be  noticed  that  the 
construction  is  the  same  as  for  the  end.  f  A'' is  the  true 
length  and  slope  of  the  side  EK,  and  K'  M'  is  equal  to  L  E, 
or  the  run  of  the  end.  The  miter  butt  and  face  cut  are 
shown. 

To  find  the  figures  on  the  square  that  will  give  the  cuts, 
scale  the  distances  £'A',  A'/*,  h' M',  and  ICO'.  Assume 
that  these  distances  scale  15,  12,  14,  and  19,  respectively, 
calling  them  either  inches  or  feet.  Then,  for  the  miter  cut, 
take  12  inches  on  the  body  of  the  square  and  14  inches  on 
the  tongue  of  the  square,  and  cut  along  the  tongue;  for  the 
butt  cut,  take  19  inches  on  the  body  and  14  inches  on  the 
tongue,  and  cut  along  the  tongue;  for  the  face  cut,  take 
15  inches  on  the  body  and  14  inches  on  the  tongue,  and  cut 
along  the  tongue.  The  cuts  of  the  ends  may  be  obtained  in 
the  same  way. 
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47.  Comparison  of  Hoppers  and  Roots. — The  fore- 
going method,  as  applied  to  a  hip-and-deck  roof,  is  shown 
in  Fig.  27,  in  which  A,B,C,  and  Z),  in  (a),  represent  the 
plates,  and  E.F.G,  a.a6.  H,  the  ridges.  AE,  B  F,  CG, 
and  DH  are  the  hips;  EK,  the  run  of  the  common  rafter 


Pio.  27 

on  the  narrow  side;  and  EL,  the  run  of  the  common 
rafter  on  the  end.  In  (b),  L' E'  is  the  pitch  of  the  com- 
mon rafter  on  the  ends,  and  in  (.:),  K'  E  is  the  pitch  of  the 
Q  rafter  on  the  narrow  side. 
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It  will  be  observed  that  the  construction  in  Fig.  27  (6) 
and  ic)  is  the  same  as  that  in  Pig.  26  W  and  (c),  with  the 
exception  that  the  pitch  in  the  roof  timber  is  in  a  different 
direction  than  the  slope  of  the  sides  of  the  hopper.  The 
several  pitches  of  the  roof  and  the  various  slopes  of  the 
hopper  are  the  same,  and  the  figures  to  use  on  the  square 
are  found  to  be  identical. 

The  angles  shown  will  give  the  bevels  at  which  to  cut  the 
roof  boards  to  fit  on  the  hips,  also  the  bevels  to  cat 
the  planchers  and  the  bevels  to  miter  the  purlins.  All  of 
these  bevels  are  similar. 

48.  The  cut  for  the  roof  board  on  its  face,  or  the  cut  to 
make  it  fit  with  the  center  line  of  the  hip,  is  called  the  fate 
bevel.  The  figures  to  use  on  the  square  for  the  boards  on 
the  end  &CGF  ste  those  shown  in  Fig.  27  {i)\  namely, 
18}  inches  on  the  body  and  di  inches  on  the  tongue,  the  cut 
to  be  along  the  tongue.  For  the  jack-rafter,  the  body  of  the 
square  will  give  the  side  cut.  To  miter  the  roof  boards, 
take  22i  inches  on  the  body  of  the  square  and  9}  inches  on 
the  tongue  of  the  square,  and  cut  along  the  tongue.  The 
foregoing  figures  applied  in  the  same  way  will  also  give 
the  cut  for  purlins  and  planchers.  The  butt  bevel  is  seldom 
used  in  roof  framing,  but  in  some  cases  it  can  be  used 
instead  of  the  miter  bevel.  The  figures  to  use  for  the  butt 
cut  are  15i  inches  on  the  body  of  the  square  and  9i  inches 
on  the  tongue  of  the  square,  cutting  along  the  tongue. 

49.  The  face  bevel  is  the  one  most  frequently  used  in  roof 
framing;  therefore,  a  method  will  be  given  for  applying  this 
bevel  in  fitting  roof  boards  to  hips  on  roofs  of  unequal  pitch. 
By  referring  to  Fig.  27,  it  will  be  noticed  that  EK,  in  (a),  is 
equal  to  E' M,  in  (b),  and  that  L' E'  is  equal  to  the  length  of 
rafter  in  the  end  of  the  roof.  In  other  words,  EK  is  the 
run  of  the  right  side  of  the  roof,  and  L'  E  is  the  length  of 
rafter  in  the  left  side  of  the  roof.  Again,  LE,  in  (a),  is 
equal  to  EM',  in  (c),  and  E K'  is  equal  to  the  length  of  the 
rafters  in  the  narrow  roof;  or,  Z.  £"  is  equal  to  the  run  of  the 
rafters  in  the  left  side  of  the  roof,  and  EK'  is  equal  to 
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the  lengtb  ©f  rafter  in  the  right  side  of  the  roof.  For  the 
face  cut  of  roof  boards  to  fit  over  the  hip  in  the  right  side  of 
the  roof,  take  the  length  of  the  common  rafter  {.L' Ef  =  ISt 
inches)  in  the  left  side  of  the  roof  on  the  body  of  the  square 
and  the  run  of  the  common  rafter  (E/^  =  9i  inches)  in  the 
right  side  of  the  roof  on  the  tongue  of  the  square  and  cut 
along  the  tongue.  For  the  face  cut  on  the  left  side  of  the 
roof,  to  fit  over  the  hip,  take  the  length  of  the  right  common 
rafter  {BK'  =  15  inches)  on  the  body  of  the  square  and  the 
run  of  the  left  common  rafter  (LE  =  14  inches)  on  the 
tongue  of  the  square,  and  cut  along  the  tongue.  For 
the  face  cut  of  jack-rafters,  use  the  same  figures  on  the 
square,  but  cut  along 
the  body. 

50.     Talley  Roof 
of  Unequal  Pitch. 

In  Fig.  28  is  shown 

the  plan  of  a  valley 

roof  of  unequal  pitch. 

The  run  of  one  side 

of  the  roof  is  16  feet 

and  that  of  the  other 

is  7  feet,  while  the 

rise  of  each  side  is 

16  feet.    The  follow-  *""■  " 

iog  method  may  be  employed  to  find  the  figures  on  the  square 

to  be  used  to  obtain  the  required  cuts  and  lengths  of  the 

common  rafter.     For  the  run  and  the  rise,  each  equal  to  16 

feet,  reduce  the  16  feet  to  inches,  which  will  give  192  inches 

run  and  192  inches  rise.     To  reduce  these  figures  to  the 

limit  of  the  square,  divide  each  by  the  same  figure.     In  this 

case,  divide  by  16;  thus,  192  ~-  16  =  12,  which  is  used  for 

both  the  run  and  the  rise.     Then,  with  12  inches  on  the 

tongue  of  the  square  and   12  inches  on   the  body  of   the 

square,  the  foot-cut  and  the  ridge  cut  are  obtained;  and  by 

stepping  along  the  rafter  timber  sixteen  times  with  the  square, 

the  length  of  the  rafter  will  be  determined. 
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ibtain  the  figures  on  the  square  for  the  rafters  having 
>t  ran  and  a  16-foot  rise,  reduce  the  7  feet  to  inches; 

X  12  =  84  inches.  The  rise  has  already  been  found 
.92  inches,  and  to  reduce  these  figures  to  the  limit  of 
lare  divide  by  12,  which  will  give  7  inches  for  the  run 

inches  for  the  rise.  Take  7  inches  on  the  tongue  of 
are,  and  16  inches  on  the  body  of  the  square;  the  tongue 
ve  the  fool-cut  and  the  body  will  give  the  plumb- 
To  obtain  the  length  of  the  rafter,  step  along  the 
amber  twelve  times  with  the  square,  because  12  was 
fisoT. 
imilar  operations,  the  cuts  and  lengths  of  the  valley 

can  be  obtained.     The  rise  of  the  valley  rafters  is 

to  be  16  feet,  and  the  run  can  be  determined  either 
!ing  from  the  plate  to  the  ridge  along  the  plan  line  or 
isuring  the  diagonal  from  16  inches  on  the  body  of  the 

to  7  inches  on  the  tongue  of  the  square.  The  run  of 
Ueys  is  a  fraction  over  18  feet;  then,  by  taking  18 

on  the  tongue  and  16  inches  on  the  body,  the  tongue 
ve  the  foot-cut  and  the  body  will  give  the  plumb-cut. 
e  lengthy  step  along  the  valley  timber  twelve  times 
te  square. 

Hip  and  Valley  Rafters  tor  Roots  ot  Unequal 

. — Fig.  29  shows  a  method  of  finding  the  figures  on  a 
to  lay  out  hips  and  valleys  for  roofs  of  unequal  pilch. 
S  represent  the  run  of  a  common  rafter,  S  C  the  rise, 
A  the  pitch.     The  body  of  square  No.  1  indicates  a 

I  run,  and  the  tongue  a  7-inch  rise,  which  means  that 
ter  rises  7  inches  per  foot  of  run.  Let  B D  represent 
n  of  the  rafter  on  the  other  side,  BE  the  rise,  and 
le  pilch.     It  will  be  noticed  that  the  pitch  of  the  rafter 

II  not  be  the  same  as  that  of  rafter  DE,  the  latter 
Tiuch  steeper  than  the  rafter  A  C.  This  is  due  to  the 
.at  both  rafters  have  the  same  total  rise,  but  have 
at  runs. 

seat  angle  of  the  hip,  which  is  determined  by  the  two 
i,  will  stand  at  an  angle  of  30°  with  the  plates,  as 
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same  pitch  as  the  common  rafter  A  C.  As  the  two 
Iters  have  equal  pitches,  they  malce  an  equal-pitch 
^uently,  the  figures  on  the  square  to  use  for  the 
e  plumb-cuts  of  the  hip  rafters  are  17  and  7. 
BH  shows  the  seat  of  a  hip  at  an  angle  of  60° 
ite;  on  the  right  is  the  common  rafter  EK,  and 


the  common  rafter  A  C corresponding  to  this  hip. 
Vo.  4  are  the  figures  to  use  for  the  foot-  and  the 
if  the  hip  rafter.  The  figures  on  the  body  remain 
'  hips  placed  at  these  angles,  but  the  figures  on 
change  as  the  rise  of  the  common  rafter  changes. 


ioy  Google 


§64  THE  STEEL  SQUARE  41 

53.  Hip  Roof  With  Unequal  Pitches. — The  hip  roof 
shown  in  Fig.  30  (a)  rises  12  feet,  while  the  sides  have  a 
much  steeper  pitch  than  the  ends.  The  variation  in  the  seat 
angle  of  hips  and  valleys  causes  many  difficulties  in  framing 
roofs  of  this  kind.  In  roofs  of  equal  pitch,  the  seat  angle  of 
the  hip  or  valley  is  always  known,  while  in  unequal-pitch 
roofs  there  is  no  standard  seat  angle,  and  consequently,  the 
figures  on  the  square  that  will  have  to  be  used  to  obtain  the 
cuts  and  lengths  of  hips  and  valleys  must  be  found  in  each 
special  case,  according  to  conditions  arising  from  differences 
involved  in  the  pitches.  Also,  in  roofs  of  unequal  pitch,  a 
great  many  complex  problems  affecting  the  layout  of  jack* 
rafters,  roof  boards,  planchers,  and  every  other  timber  that 
eaters  into  the  construction,  are  likely  to  arise. 

54.  In  the  plan  shown  in  Fig.  30  (a),  the  rafters  on  the 
side  have  a  run  of  6  feet,  while  those  on  the  end  have  a  run 
of  12  feet.  Both  rafters,  however,  have  the  same  rise.  To 
lay  out  the  rafter  CB,  use  12  on  the  tongue  of  the  square  for 
the  run  and  24  on  the  body  of  the  square  for  the  rise,  because 
the  rafter  rises  12  feet  in  6  feet,  which  is  the  same  as  a  rise 
of  24  inches  ia  12  inches.  For  the  length  of  the  rafter,  step 
with  the  square  six  times,  using  the  figures  i2  and  24;  or,  to 
save  time  in  stepping,  take  the  bridge  measure  of  12  and  24 
and  multiply  it  by  6.  Another  method  is  to  take  the  bridge 
measure  of  6  and  12  and  call  the  inches  feet,  as  shown  in 
Fig.SO(*). 

To  lay  out  the  end  rafter  A  B,  use  12  on  the  body  of  the 
square  and  12  on  the  tongue  of  the  square  for  the  cuts.  For 
the  length  of  the  rafter,  step  twelve  times  along  the  rafter 
timber,  or,  as  before  described,  take  the  bridge  measure  as 
shown  in  (c) .  The  figures  made  use  of  on  the  square  for  both 
of  these  rafters  will  give,  for  each  slope,  a  rafter  that  will 
have  a  total  rise  of  12  feet.  For  the  rafter  CB,  12  inches  on 
the  tongue  for  the  run,  and  24  inches  on  the  body  for  the 
rise  should  t>e  used,  while  the  length  is  found  by  stepping 
off  six  times;  now,  multiplying  24  inches  by  6  will  give 
144  inches,  or  12  feet,  for  the  rise.     In  laying  out  rafter  A  B, 
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12  inches  on  the  body  of  the  square  and  12  inches  on  the 
tongue  of  the  square  should  be  used,  and  the  length  can  be 
found  by  stepping  twelve  times;  consequently,  the  rise  is 
12  X  12  =  144  inches,  or  12  feet. 

56.  In  laying  out  a  hip,  the  first  thing  to  consider  is  its 
length,  which  may  easily  be  found  by  means  of  a  2-foot  rule 
and  a  steel  square.  Place  the  rule  across  the  square,  from  12 
on  the  body  to  6  on  the  tongue,  as  shown  in  Fig.  30  (<);  the 
rule  will  indicate  a  distance  of  13  feet  6  inches,  which  is  the 
correct  length  of  the  run  of  the  hip.  Having  detennined 
the  run,  take  the  bridge  measure  of  this  run  and  the  total 
rise  on  the  square,  or  13i  inches  on  the  body  and  12  inches 
on  the  tongue,  as  shown  in  id).  The  length,  therefore,  will 
be  18  feet  1  inch. 

56.  By  referring  to  Fig.  31,  the  operation  of  framing 
rafters   for   unequal-pitch  roofs  may  be  further  explained. 


— — ~- — ZE 


This  figure  illustrates  the  principles  underlying  the  handling 
of  the  square  in  this  connection.  On  the  right  side  is  shown 
the  pitch  of  the  rafter  over  the  ends  of  the  building.  These 
rafters  have  a  rise  of  12  inches  per  foot  of  run.  The  square 
as  applied  shows  the  figures  12  on  the  body  and  12  on  the 
tongue,  which  are  the  ones  to  be  used  for  the  foot-  and 
plumb-cuts.     On  the  same  side  is  also  shown  the  rafter  for 
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the  narrow  side  of  the  roof,  and  the  figures  6  and  12  indicate 
the  position  of  the  square  when  marking  the  rafter  for  the 
foot-  and  plumb-cuts,  6  and  12  being  in  the  same  proportion 
as  12  and  24.  On  the  left  side  of  the  illustration  ts  shown 
the  hip  rafter,  and  the  figures  on  the  square  used  for  the 
foot-  and  plumb-cuts. 

57,  Another  method  of  ascertaining  the  run  of  a  hip, 
relative  to  a  foot-run  of  a  common  rafter,  is  shown  in  Fig.  32, 
in  which  the  plan  lines  of  two  of  the  hips  are  represented 
byW  Cand  BC,  and  the  plan  line  of  a  common  rafter  b^DC. 
The  method  consists  in  measuring  12  inches  from  D  to  Eon 
the  rafter  line  DC,  as  shown,  and  drawing  the  line  £E  at 
right  angles  to  DC>  cutting  the  plan  line  of  hip  SC  &t  F. 
The  portion  if  ^  of  the  hip 
line  indicates  the  foot-run 

'  of  the  hip  relative  to  a  foot-    I 
run  of  the  common  rafter.     | 

58.  The  bevels  for  the 
jack-rafters  and  roof  boards  [ 
are  shown  in  Pig.  33,  which 
is  a  plan  of  the  roof  shown 
in  Fig.  30  U).  In  Fig.  33, 
CDEF  represents  the 
plates.  To  show  bow  the 
figures  to  cut  the  jack- 
rafters  and  roof  boards  are 
obtained,  it  will  be  neces-  ''"'■  ^ 

sary  to  unfold  the  roof,  that  is,  to  show  the  roof  surfaces  laid 
in  a  horizontal  position.  In  order  to  do  this,  imagine  that 
the  roof  is  hinged  at  the  plates,  so  that  the  four  surfaces 
can  be  opened  like  the  lid  of  a  box,  the  joints  of  the  lid 
being  the  fonr  hip  rafters  and  the  ridge  of  the  roof.  Now, 
if  this  lid  is  laid  in  a  horizontal  position,  the  plan  lines  of 
the  hips  will  be  the  true  lengths;  but,  as  the  lid  is  inclined 
from  the  horizontal,  it  is  evident  that  the  true  lengths  of  the 
joints,  with  the  exception  of  the  ridge,  will  be  longer  than 
the  plan  lines  show.    The  lengths  of  the  ridge  line  will  be 
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the  same,  because  it  is  a  horizontal  h'ne  and  Is  also  parallel 
with  the  hinged  line,  or  line  of  plates. 

59.  First,  consider  the  long,  narrow  section  of  roof. 
Let  DE  he  the  line  along  which  the  roof  is  hinged,  and 
DB,  BK,  and  A'fthe  joints;  then,  by  opening  the  lid  and 
bringing  it  into  a  horizontal  position,  the  points  B  and  K 
will  rest  at  B'  and  K' ,  and  in  order  to  lay  out  this  surface, 
all  that  is  necessary  is  to  find  the  points  B^  and  K'.  Now, 
BL  is  the  plan  of  a  line  on  the  lid;  in  this  case,  it  is  the 
plan  of  the  common  rafter.  The  true  length  of  this  line  is 
shown  at  D  G.  By  making  L  B*  and  M K'  each  equal  to 
GD,  and  connecting  B'D  and  K'  E,  the  true  size  and  shape 
of  Z?5A'£'will  be  shown  at  DB'K'E.  Any  lines  or  angles 
laid  on  this  shape  will  be  the  true  lengths  and  angles;  con- 
sequently, the  lines  DB'  and  A"'^  equal  the  true  lengths  of 
the  hips. 

The  bevels  shown  for  the  roof  boards  and  the  jack-rafters 
are  the  true  bevels,  and  the  figures  to  use  on  the  square  are 
taken  from  the  triangle  EM K'.  ME  is  the  run  of  the  com- 
mon rkfter  on  the  end,  and  M  K'  is  the  length  of  the  common 
rafter  on  the  side.  Then,  by  taking  ME  on  the  tongue  of 
the  square  and  M K'  on  the  body  of  the  square,  and  cutting 
along  the  body,  the  cheek  cut  of  the  jack-rafters  will  be  given. 
As  the  roof  boards  are  placed  at  right  angles  to  the  jack- 
rafters,  the  figures  on  the  square  used  to  obtain  the  cuts  of 
the  jack-rafters  will  give  the  face  cut  of  roof  boards,  but 
instead  of  the  body  giving  the  cut,  it  will  be  necessary  to  cut 
along  the  tongue.  The  angle,  or  bevel,  shown  at  K'  is  the 
one  to  use  for  the  side  cut  of  a  hip  rafter  when  it  is  backed. 
This  bevel  is  the  same  as  for  the  roof  boards,  and  the  one 
to  nse  for  planchers. 

60.  The  end  lid  is  developed  in  exactly  the  same  manner 
as  the  side.  Lay  off  the  line  A  B"  equal  to  the  length  of 
the  common  rafter  DN;  connect  B" D  and  B"C;  and  these 
last  two  lines  will  be  equal  in  length  to  the  hips.  When  the 
plan  DBC  is  opened  and  turned  to  a  horizontal  position, 
the  point  B  will  revolve  to  B".     The  figures  on  the  square 
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to  use  for  the  side  cuts  of  jack-rafters  and  roof  boards  will  be 
obtained  from  the  distance  A  C,  which  is  equal  to  the  mn  of 
the  common  rafters  on  the  side  of  the  roof,  and  A  B",  which 
is  equal  to  the  length  of  the  common  rafters  on  the  end  of 
the  roof.  Prom  the  foregoing  description,  rules  may  be 
formulated  for  finding  the  figures  on  the  square  to  use  when 
laying  out  jack-rafters  and  roof  boards  for  unequal-pitch  roofs, 
provided  the  ridges  are  of  the  same  height. 

Rule  1. —  To  find  the  cheek  ails  of  jack-rafters  in  tht  side  ot 
the  root,  take  the  run  of  the  common  rafter  in  the  end  of  the  root 
on  the  tongue  of  the  square 
—i^  and  the  length  of  the  com- 
mon ratter  in  the  side  of 
the  root  on  the  body  of  the 
square,  and  cut  along  the 
body. 

Rule  II. — To  find  the 
cheek  cuts  of  jack-rafters 
in  the  end  of  the  roof,  take 
the  run  of  the  common 
ratter  in  the  side  of  the 
root  on  the  tongue  of  the 
square  and  the  length  of 
tfie  common  ratter  in  the 
end  of  the  roof  on  the  fiody 
of  the  square,  and  cut 
along  the  body. 

Rule  \U.  —  To  find 

^°- "  the  cut  for  roof  boards, 

use  the  same  figures  on  the  square  as  for  laying  out  the  cheek 

cut  for  jack-rafters,  but  cut  along  the  tongue  instead  of  the  body. 

61.  Valleys  on  Roofs  of  Unequal  Pitch. — Although 
the  length  and  cut  of  valley  rafters  are  very  similar  to  those 
of  hip  rafters,  it  may  be  well  to  show  an  example  of  a  valley 
roof  of  unequal  pitch.  Pig.  34  illustrates  the  plan  of  such 
a  roof.    Id  this  illustration,  A  BCD  represents  the  plates  of 
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the  wide  roof,  and  EF,  FG,  and  GH  the  plates  of  the  nar- 
row roof.  The  run  of  the  rafter  on  A  D  \s  16  feet,  and  on 
FG,  4  feet.  Each  roof  has  the  same  rise  and  their  ridges 
intersect  at  K.  The  seats  of  valleys  are  shown  to  reach 
from  Eio  K  and  from  H  to  K.  The  methods  of  determin- 
ine  the  lengths  of  the  rafters  have  already  been  explained. 
The  figures  on  the  square  to  be  used  in  obtaining  the  foot- 
and  the  plumb-cut  are  16^  and  16,  while  the  length  may  be 
found  by  stepping  twelve  times  along  the  valley  timber. 
These  figures  are  derived  by  reducing  the  run  and  the  rise  to 
inches  and  dividing 
by  12. 

62.  Fig.  35  shows 
the  same  plan  lines  as 
those  given  in  Fig.  34.  y' 
By  revolving  rafter  " 
No.  ItoL  and  drawing 
the  line  LM  parallel 
with  the  ridge,  the 
figure  ALMS  will 
show  the  true  size  and 
shape  of  one  side  of 
the  main  roof,  in  which 
AL  and  MB  are  the 
true  lengths  of  the 
common  rafters.     The  'i- "' 

point  K'  is  where  the  '^°- " 

ridge  of  the  small  roof  intersects  the  ridge  of  the  main 
roof.  Connect  A"'  and  E,  and  K'  and  H\  then,  these  two 
lines  will  represent  the  true  length  of  the  valley  rafters, 
and  the  bevel  shown  at  K'  will  be  the  cheek  cut  for  the 
valley  rafter,  provided  it  is  backed.  Revolve  the  valley  £K' 
to  N,  connect  N  and  E,  and  make  EO  equal  to  the  length 
of  the  gable  rafter  in  the  small  roof;  also  connect  N  and  O. 
Then  A^Owill  equal  the  run  of  the  common  rafters  in  the 
main  roof,  and  £0,  the  length  of  the  common  rafters  in 
the  small  roof.     The  triangle  £0^^  represents  the  true  siM 
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and  shape  of  one  side  of  the  small  roof,  when  it  is  laid  in  a 
horizontal  position. 

The  bevel  shown  in  N  is  the  true  bevel  for  the  cheek  cut 
of  the  valley  rafter,  to  fit  against  the  ridge  of  the  small 
roof,  provided  the  valley  is  backed.  The  true  cheek  and 
face  cuts  of  jack-rafters  and  roof  boards  are  shown,  and  the 
figures  to  use  on  the  square  are  found  in  the  same  manner 
as  shown  in  Fig.  33.  For  the  side  cuts  of  jack-rafters  on 
the  small  roof,  take  the  run  of  the  common  rafters  on  the 
large  roof,  which  is  equal  to  NO  on  the  tongue  of  the  square 


and  the  length  of  the  common  rafter  on  the  small  roof, 
which  is  equal  to  E  O,  on  the  body  of  the  square,  and  cut 
along  the  body.  For  the  side  cut  of  jack-rafters  on  the 
large  roof,  take  the  run  of  the  common  rafter  in  the  small 
roof,  which  is  equal  to  EP  on  the  tongue,  and  the  length 
of  the  common  rafter  in  the  large  roof,  which  is  equal 
to  PK'  on  the  body,  and  cut  along  the  body.  For  roof 
boards,  cut  along  the  tongue  of  the  square.  For  the 
bevel  N  to  fit  the  valley  on  the  small  ridge,  the  same  figures 
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are  used  as  for  roof  boards,  and  the  bevel  at  K'  is  set  at  the 
angle  used  for  cutting  the  roof  boards. 

63.  Pie-  36  shows  a  perspective  view  of  an  unequal- 
pitch  roof  with  two  squares  applied  to  the  vallej  in  such  a 
position  that  the?  will  probably  illustrate  more  clearly  why 
certain  figures  on  the  square  are  used.  It  will  be  noticed 
that  square  No.  1  has  the  run  of  the  small  roof  and  the 
length  of  the  rafter  in  the  large  roof,  while  square  No.  2  has 
the  run  of  the  large  roof  and  length  of  the  rafter  in  the 
small  roof.  It  should  be  remembered,  however,  that  these 
bevels  for  the  side  cut  of  valleys  hold  true  only  when  the 
valley  is  backed. 

64.  Iiaylng  Out  Unbacked  Hip  or  Valley  Rafters. 

In  roof  framing,  valleys  and  hips  are  seldom  backed,  the 
practice  being  to  use  the  timber  in  the  rough,  as  received 
from  the  yard.  When  hips  and  valleys  are  not  backed,  the 
figures  to  use  on  the  square  to  obtain  the  side  cut  are  different 
than  when  backed.  This  difference  is  due  to  the  fact  that  the 
top  edges  of  the  timber  are  not  in  the  same  plane  with  the 
roofs  on  either  side.  The  backing  of  a  hip  or  a  valley  brings 
both  top  edges  in  the  same  plane  with  the  intersecting  roofs. 
In  order  to  find  the  figures  for  getting  the  side  cut  when 
timber  is  not  backed,  it  is  necessary  to  make  a  drawing,  as 
no  rule  can  be  formulated  that  will  hold  true  for  the  various 
combinations  of  intersecting  roofs. 

Owing  to  the  fact  that  the  seat  of  the  hip  or  the  valley  in 
equal-pitch  roofs  stands  at  an  angle  of  45°,  the  expression 
for  side  cut  remains  constant  for  every  pitch.  This  expres- 
sion may  be  stated  in  the  form  of  a  rule,  thus: 

Rule. — Tolind  ike  side  cut  lor  hip  or  valley  rafters  onegual- 
pifch  roofs,  lake  the  run  of  the  kip  or  the  valley  on  the  body  of 
the  sguare  and  the  length  of  the  hip  or  the  valley  on  the  tongve 
of  the  square,  and  cut  along  Ike  tongue. 

65.  In  Fig.  37  is  shown  a  method  of  finding  the  figures 
to  use  on  a  square  ia  making  the  side  cut  of  hip  or  valley 
rafters  when  the  timbers  are  not  backed.    The  roof  shown  in 
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this  fleuie  is  the  same  as  that  shown  in  Figs.  34  and  35,  and 
the  development  of  the  roof  surface  and  the  point  K  is  the 
same  as  in  Fig.  36.  The  line  £'^',  Fig.  37,  is  the  true  length 
of  the  valley  rafter.     To  find  the  cheek  bevel,  or  side  cut,  of 


a  valley  rafter  to  fit  against  the  main  ridge,  produce  the  seat 
of  valley  BK  to  EK" ,  making  the  latter  equal  in  length 
to  EK'.  Produce  the  line  of  the  main  ridge  to  S.  From 
the  point  E,  where  the  valley  intersects  the  plates,  draw  E  S 


/^>** 


y'^ 


Fto.  SS 

at  right  angles  to  EK,  and  connect  S  and  K";  then,  S K" E 
will  be  the  correct  angle  to  use.  The  figure  to  use  on  the 
square  will  be  the  distance  £'5  on  the  body,  and  the  dis- 
tance £  A"",  which  is  equal  to  the  length  of  the  valley,  on  the 
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ton^e,  the  tongue  giving  the  cut.  It  will  be  observed  that 
the  line  marked  base  will  change  as  the  seat  of  the  valley 
changes,  WTien  the  seat  of  the  valley  makes  an  angle  of  45° 
with  the  plates,  then  the  base  will  be  equal  to  the  seat  of  the 
valley,  or  will  have  the  same  length  as  the  run. 

To  iind  the  bevel  of  the  valley,  after  the  fit  against  the  dor- 
mer ridge,  draw  the  line  ET  ai  right  angles  to  EK  and 
connect  T  and  A"";  then,  the  angle  EK"  T  will  be  the  correct 
bevel  for  the  cut  of  the  valley  rafter.  The  figures  to  use 
on  the  square  will  be  the  distance  EToa  the  body  and  EK", 
which  is  equal  in  length  to  the  valley,  on  the  tongue,  cutting 
along  the  tongue. 

A  perspective  view  of  the  roof  shown  in  Fig.  37,  contain- 
ing the  construction  lines,  is  illustrated  in  Fig.  38.  As 
shown  in  this  view,  the  back  of  the  valley  timber,  as  placed 
in  position  at  the  intersection  of  the  two  roofs,  is  square, 
while  in  Pig.  36  the  valley  is  run  in  line  with  the  plates,  as 
they  would  do  when  backed. 

66.  Ridges  of  Different  Heiglits. — When  the  ridges 
of  a  roof  of  unequal  pitch  are  not  the  same  height  above 
the  plates,  the  expressions  on  a  square  to  obtain  the  cuts  are 
somewhat  changed.  Fig.  39  shows  a  roof  in  which  the 
dormer  ridge  does  not  extend  so  high  above  the  plates  as 
the  main  ridge.  In  the  illustration,  ABCD  represents  the 
plates  of  the  main  roof;  EFGH,  the  plates  of  the  dormer; 
EJ,  the  seat  of  the  short  valley;  and  H  K,  the  seat  of  the 
long  valley. 

To  find  where  the  valleys  intersect  in  the  plan  of  the  main 
roof,  produce  the  line  of  the  main  ridge  to  M.  Make  NM 
equal  to  the  rise  of  the  main  roof,  and  A'  O  equal  to  the  rise  of 
the  dormer  roof.  Connect  A  and  M;  then,  A  M  will  represent 
the  length  and  pitch  of  the  main  roof.  From  0,  lay  off  a 
right  angle  to  MN,  and  this  line  will  intersect  the  pitch  line 
at  P;  then,  OP  will  represent  the  plan  distance  from  the 
ridge  to  where  the  valleys  intersect,  and  MP,  the  true  dis- 
tance along  the  roof  from  the  ridge  where  the  valleys  inter- 
sect.   From  P,  draw  the  line  PJ  parallel  with  the  ridge  line. 
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and  where  this  Hne  intersects  the  ridge  line  of  the  dormer 
will  be  the  point  of  intersection  of  the  valleys  in  the  plan. 

67.  The  seat  of  the  lone  valley  can  be  determined  b; 
drawing  a  line  from  H,  Fig.  39,  through  J,  to  the  ridge  at  K. 
The  seat  of  the  short  valley  will  be  the  line  EJ.  The  length 
of  the  dormer  gable  will  be  found  by  laying  off  the  line  SR 
equal  to  the  rise  of  the  dormer  O  N  and  connecting  F  and  R, 
and  G  and  R;  then,  FR  G  will  be  an  elevation  of  the  dormer 
gable. 

To  find  the  lengths  of  the  long  and  short  valleys,  erect 
perpendiculars  to  H IC  at  /  and  A*,  making  K K"  equal  to  the 
rise  of  the  main  roof,  and  J  J"  equal  to  the  rise  of  the  dormer 
roof.  Connect  K"  and  //'—this  line  will  also  pass  through  J' — 
then  UK"  will  be  the  length  of  the  long  valley,  and  HJ" 
the  length  of  the  short  valley.  For  the  foot-  and  plumb-cnts, 
take  KH  on  the  body  of  the  sqnare,  and  K K"  on  the  tongue 
of  the  square;  the  body  will  give  the  foot-cut  and  the  tongue 
will  give  the  plumb-cut  for  both  valleys. 

To  find  the  bevel  of  the  long  valley  to  fit  against  the  main 
ridge,  erect  a  perpendicular  to  H K  aX  H;  this  line  will  inter- 
sect the  main  ridge,  or  ridge  produced,  at  L.  Produce  the 
seat  of  the  valley  to  K',  making  H K'  equal  in  length  to  the 
long  valley.  Connect  LK';  then  the  angle  LK'HviiW  be 
the  desired  bevel.  The  figures  to  use  on  the  square  will 
be  found  by  taking  the  distances  HL  on  the  body  and  HK' 
on  the  tongue,  and  cutting  along  the  tongue.  Fig,  40  shows 
the  application  of  the  square. 

68.  To  find  the  side  cut  to  fit  the  short  valley  against 
the  long  valley,  make  E^,  Fig.  39,  equal  in  length  to  the 
short  valley,  and  produce  the  ioig  valley  to  T.  Erect  at  £ 
a  perpendicular  to  the  seat  of  the  short  valley;  this  line  will 
intersect  the  produced  line  of  the  long  valley  at  T,  and  the 
angle  EJ'T  will  be  the  desired  bevel.  The  figures  to  use 
on  the  square  will  be  the  base  E  Ton  the  body  and  the  length 
of  the  short  valley  EJ'  on  the  tongue,  cutting  along  the 
tongue.  The  method  of  finding  the  bevel  to  fit  the  short 
valley  against  the  ridge  has  already  been  explained.    The 
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application  of  the  square  to  the  short  valley  is  shown  in 
Fig.  41. 

As  the  length  of  the  base  is  beyond  the  limits  of  the  square, 
it  is  necessary  to  reduce  the  distances.  In  order  to  do  this, 
divide  both  the  length  of  the  base,  which  is  24  feet  8  inches, 
and  the  lengfth  of  the  short  valley,  which  is  11  feet  8  inches, 
by  2,  thus  giving  12A  inches  for  the  figures  on  the  body,  and 
&H  inches  for  those  on  the  tongue.  These  figures  will  give 
the  same  angle  as  the  figures  24  feet  8  inches  and  11  feet 
S  inches. 

69.  The  expression  for  the  side  cuts  of  jack-rafters  and 
for  the  face  cuts  of  roof  boards  changes  when  the  ridges  are 
not  of  the  same  height;  this  is  due  to  the  run  of  the  main 
roof  not  being  the  same  as  the  length  of  the  dormer  ridge 
from  the  plate  to  the  intersection  of  the  roofs.  Fig.  42  (a) 
represents  the  same  plan  as  that  shown  in  Fig.  39.  On  one 
side  of  the  dormer,  the  jack-rafters  are  shown  in  place,  and 
on  the  other  side,  the  roof  boards.  It  will  be  noticed  that 
the  dormer  ridge  yj  is  shorter  than  the  run  of  the  common 
rafter  in  the  main  roof;  consequently,  the  distance  along  the 
ridge  J^P  is  longer  than  the  run  of  the  dormer  rafter.  If 
the  ridges  were  of  the  same  height,  the  ridge  J  f^  would  be 
equal  to  the  common  rafter  P/f,  and  the  distance  A'/' would 
be  equal  to  the  run  Vff  of  ,the  dormer  rafters.  Owing  to 
these  changed  conditions  in  the  length  of  runs,  under  differ- 
ent conditions,  it  will  be  necessary  to  find  an  expression  on 
the  square  that  will  cover  every  case. 

70.  Fig.  42  id]  shows  a  development  of  one  side  of  the 
main  roof;  in  other  words,  it  shows  one  side  laid  down  flat, 
or  in  a  horizontal  position.  The  lengths  of  the  common 
rafters  are  taken  from  Fig.  39. 

To  make  the  development  shown  in  Fig.  42  (i),  draw 
A' S'  equal  in  length  to  /IB.  in  (a);  lay  off  A' A"  and  B' L' 
at  right  angles  to  A' B'  and  equal  in  length  to  the  com- 
mon rafter  in  the  main  roof;  and  draw  N'  L'  equal  in  length 
to  the  ridge  NL,  in  (a).  On  the  line  A' B',  in  (d),  lay  off 
A'£',£'  y.and  K-^' equal  to  A E,  E  V,  and  VH,  in  (a). 
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On  the  line  N' V,  lay  off  N' K'  equal  to  NtC.  in  (a);  con- 
nect K'  and  H' ,  and  K'  H'  will  be  the  length  of  the  long 
valley.  From  V  erect  a  perpendicular  to  A'  B',  intersecting 
K'H'alJ';  connect  y  and  £*,  and/'f  will  be  the  length 
of  the  short  valley.  As  will  be  noticed,  all  lines  in  the  plan 
that  are  parallel  with  the  plates  remain  the  same  length  in 
the  development,  only  those  lines  which  are  inclined  or  make 
an  angle  with  the  plate  being  changed. 

71.  To  develop  the  dormer.  Fig.  42  (c),  lay  oS  the 
ridge  line  V" J"  equal  in  length  to  VJ,  in  (u).  At  right 
angles  to  this  line,  lay  of  V"  H"  and  V" S'  equal  in  length 
to  the  dormer  rafter.  Connect  H"  and  /",  and  E'  and  /"; 
then  £"  /"  will  be  equal  in  length  to  the  short  valley,  and 
fT'J"  will  be  equal  to  ffJ'.  in  (i). 

Any  lines  laid  down  on  either  of  these  developments  will 
be  the  true  lengths  of  the  lines,  and  the  angles  made  will  be 
the  true  angles.  First  consider  the  jack-rafters  and  roof 
boards  in  Fig.  42  {b).  As  all  the  lines  in  this  illustration 
show  the  true  lengths,  it  is  simply  necessary  to  scale  the 
lengths  of  the  jack-rafters  to  obtain  their  true  length;  or, 
the  lengths  may  be  formed  by  setting  a  bevel  instrument  on 
a  square  so  that  the  blade  will  cross  at  a  point  equal  to  the 
distance  K'  P  on  the  tongue  and  H'  P  on  the  body.  The 
lengths  of  the  different  jack-rafters  can  be  found  by  sliding 
the  bevel  along  the  tongue  of  the  square  the  number  of 
inches  that  the  rafters  are  spaced  feet  on  centers,  reading 
the  length  of  rafters  on  the  body  of  square  as  shown 
in  (rf). 

The  lengths  "may  also  be  determined  by  the  proportion 
K'F  ■.H'P'  =  distance  between  centers  of  jack-rafters  :  differ- 
ence in  lengths  of  jack-rafters. 

Assuming  that  K'  P  is  equal  to  8  feet  6  inches,  and  //'/' 
to  20  inches,  and  that  the  spacing  of  jack-rafters  is  2  feet, 
then  the  difference  in  lengths  of  jack-rafters  will  be 
B.5  feet :  20  feet  =  2  feet :  4.7  feet; 


20x2 


4.7  feet  =  4  feet  8.4  inches 
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For  the  side  cuts  of  jack-rafters,  take  the  distance  K'  P' 
on  the  tongue  of  the  square  and  P'  H'  on  the  body,  and  cut 
along  the  body.  For  the  roof  boards,  use  the  same  figures 
on  the  square,  but  cut  along  the  tongue.  These  figures  also 
apply  to  the  jack-rafters  and  roof  boards  on  both  sides  of 
the  dormer  in  the  main  roof. 

For  any  roof  of  this  description,  scale  the  distance  K'  P', 
Fig.  42  (A),  along  the  ridge;  then,  take  this  distance  on  the 
tongue  of  the  square  and  the  length  of  the  common  rafter 
in  main  roof  on  the  body,  and  cut  along  the  body. 

72,  For  the  lengths  of  jack-rafters  in  the  dormer,  nse 
any  of .  the  methods  just  described.  The  proportion  will 
be  V"  J"  :  V"  H"  =  distance  between  centers  of  jack-raft- 
ers :  difference  in  lengths  of  jack-rafters.  For  the  side 
cuts  of  jack-rafters,  take  the  distance  /"  V"  on  the  tongue 
of  the  square  and  K"  //"  on  the  body  of  the  square,  and  cut 
along  the  body.  For  the  roof  boards,  use  the  same  figures, 
but  cut  along  the  tongue. 

To  obtain  the  cuts  in  any  dormer  of  this  description,  take 
the  length  of  the  ridge  from  the  plates  to  the  intersection 
on  the  tongue  of  the  square  and  the  length  of  the  common 
raft&r  in  the  dormer  on  the  body  of  the  square,  and  cut 
along  the  body.  The  jack-rafters  and  roof  boards  have  the 
same  relative  positions  in  the  developed  roofs  as  they  have 
in  the  plan.  The  foregoing  expressions  for  obtaining  the 
side  cuts  also  hold  true  when  the  ridges  are  of  the  same 
height. 

73.  IiajiiiK  Out  Side  Cuts  tor  Hip  Rattera.— The 

side  cut  of  a  hip  or  a  valley  rafter  is  usually  more  difficult  to 
obtain  than  any  other  cut,  which  is  especially  true  when  the 
timbers  are  not  backed.  In  the  preceding  articles,  the 
methods  of  finding  the  side  cut  of  hip  and  valley  rafters 
have  been  explained,  but  in  the  examples  given,  the  plates 
of  the  building  were  at  right  angles.  In  Fig.  43  is  shown  a 
plan  of  the  roof  of  unequal  pitch,  in  which  one  end  of  the 
roof  is  not  at  right  angles  and  the  hips  on  the  other  £nd  are 
not  true  hips,  for  the  reason  that  the  plan  lines  of  the  hips 
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are  not  at  an  angle  of  45°  with  the  plates.  The  two  sides 
have  the  same  pitch,  but 
the  two  ends  pitch  differ- 
ently, and  neither  end 
has  the  same  pitch  as  the 
sides;  consequently,  the 
rooE  has  three  pitches. 

The  angle  of  bevel  for 
the  side  cut  of  the  hips 
at  the  left  end,  or  hips  A 
and  B,  is  shown  at  bevel 
No.  1.  To  find  this 
angle,  erect  through  B, 
a  right  angle  to  the  run 
.o£  the  hip,  and  project 
this  line  to  the  main 
ridge  produced.  Extend 
:  the  seat  of  the  hip  so 
:  that  it  equals  the  length 
of  the  hip;  connect  this 
point  with  the  point  on 
the  ridge,  and  the  bevel 
for  both  hips  is  at  the 
angle  marked  bevel 
No.  1.  For  the  right- 
hand  end,  the  construc- 
tion is  the  same  as  for 
the  left  end. 

To  find  the  bevel  for 
hip  C,  extend  the  hip  C 
a  distance  equal  to  the 
length  of  the  hip,  then 
through  C  draw  a  line  at 
right  angles  to  the  run 
of  the  hip,  intersectine 
the  main  ridge  produced; 

connect  these  two  points,  and  bevel  No.  2  will  be  the  correct 

angle  to  fit  hip  C  against  the  ridge. 
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For  the  side  cut  of  hip  />,  draw  throueh  point  D  a  line  at 
right  angles  to  the  run  of  hip  D.  Extend  hip  D  so  that  it  is 
equal  to  the  length  of  hip  D;  connect  these  points,  and  bevel 
No.  3  will  be  the  correct  angle  to  use. 

74,  The  figures  to  use  on  the  square  are  found  by  sca- 
ling the  base  and  taking  this  distance  on  the  body  and  the 
length  of  the  hip  on  the  tongue,  cutting  along  the  tongue. 
If  the  ends  of  the  plates  are  to  butt,  the  figures  to  use  to  get 
the  cut  will  be  the  difference  in  length  between  the  two  sides 
on  the  tongue  of  the  square  and  the  span  of  the  building  on 
the  body,  cutting  along  the  body.  Thu3,  assume  that  the 
short  side  of  the  building  is  19  feet,  and  that  the  long  side 
is  21  feet;  then,  the  difference  will  be  2  feet.  Again,  assume 
that  the  span  of  the  building  is  13  feet;  then,  2  inches  on  the 
tongue  of  the  square  and  13  inches  On  the  body,  and  cutting 
along  the  tongue,  will  give  the  angle. 

75.  The  roof  illustrated  in  Fig.  43  is  shown  developed 
and  unfolded  in  Fig.  44.  Assume  that  the  sides  and  ends 
are  hinged  on  the  plates,  and  that  it  is  desired  to  find  the 
position  that  each  part  composing  the  lid  will  occupy  when 
it  is  open  and  the  parts  are  laid  in  a  horizontal  position. 

To  open  part  A,  extend  the  run  of  the  common  rafters 
that  are  at  right  angles  to  the  plates  and  equal  in  distance  to 
the  length  of  the  common  rafters.  Connect  these  two  points 
at  the  ends,  which  will  give  the  ridge  line;  then,  connect  the 
points  on  the  ridge  with  the  corners  of  the  plate  and  the  end 
joints  will  be  shown  in  their  true  length.  These  lines  will 
correspond  with  the  true  lengths  of  the  hip,  and  the  part  A' 
will  be  the  true  size  and  shape  of  the  side  A,  and  the  true  lines 
and  the  angles  will  be  shown. 

For  part  B,  lay  off  the  length  of  the  common  rafter  at 
right  angles  to  the  plates,  and  draw  the  triangle  B'.  In  this 
part,  the  jack-rafters  are  shown  at  right  angles  to  the  plates, 
which  is  the  best  way  of  framing  them.  If  the  jack-rafters 
are  to  be  parallel  with  the  side  plates,  the  line  length  and 
angle  will  be  shown  by  drawing  lines  on  the  part  B"  and 
making  them  parallel  with  the  plates. 
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The  method  of  developing  part  Cis  the  same  as  that  used 
for  part  A  C,  showing  the  true  size  and  shape. 

For  part  D,  lay  off  the  length  of  the  common  rafter  at  D, 
making  it  at  right  angles  to  the  plate;  then,  draw  the  triangle 
as  shown  at  D". 

76.  The  true  bevels  and  lengths  of  all  the  members  of 
the  roof  having  been  shown,  an  expression  for  Boding  the 


figures  on  the  square  may  readily  be  taken  from  the  drawing. 
Thus,  the  side  cut  of  jack-rafters  in  A',  Fig.  44,  to  fit  against 
the  hip  in  B'  is  run  on  body,  length  on  tongue,  and  cut  on 
tongue,  the  run  and  length  giving  the  figures  for  each  tim- 
ber. It  will  be  observed  that  all  construction  lines  in  the 
development  are  right-angle  lines,  and  that  these  construc- 
tion lines  represent  the  true  length  of  the  common  rafter  in 
each  part. 


ioy  Google 


,1,1.1,  Google 


\%  -■ 


62 


THE  STEEL  SQUARE 


§54 


while  the  narrow  portion  has  a  run  of  4  feet  and  a  rise  of 

16  feet.     The  plates  are  shown  at  AS  and  B C.    The  seat 

of  the  valley,  irrespective  of  the  cornice,  should  extend  from 

the  intersection  B  of   the   plate  to  the   intersection  D  of 

the  two  ridges,  as  shown  by  the  dotted  line  B  D,  but  as  the 

cornice  projects  beyond  the  plates,  as  shown  at  EFandFG, 

the  seat  of   the   valley 

will  have  to  be  placed 

as  shown,  from  F  to  D, 

intersecting    the  plate 

AB  at  /f. 

To  lay  out  the  valley 
when  in  this  position,  its 
relative  run  to  the  foot- 
run  of  the  rafters  must  ' 
be  found.  Let  the  line 
/^y A' represent  the  plan 
line  and  ffJ  the  foot-ran 
of  the  rafter.  From  / 
draw  a  line  to  cut  the 
^  seat  of  the  valley  at  L; 

then,  /.//will  represent 
the   run   of   the   valley 
relative  to  a  foot-run  of 
'**'  the  rafter. 

By  continuing  the 
plate  ffS  to  Af  and 
making  A///  equal  to 
the  length  of  the  rafter, 
a  line  drawn  from  J^ 
to  H  will  represent  the 
length  of  the  valley,  and 
its  position  as  here  indicated  will  define  the  cheek  t>evel  of 
the  jack-rafters,  as  shown  at  X. 

To  lay  out  the  valley,  take  the  length  HL,  which  is  the 
run  of  the  valley  relative  to  a  foot-run  of  the  rafter,  on  the 
body  of  the  square  and  the  rise  of  the  roof  to  a  foot-run,  on 
the  tongue  of  the  square;  the  t>ody  will  then  give  the  foot-cut, 
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and  the  toagiie,  the  plumb-cut.  By  stepping  along  the  valley 
timber  sixteen  times,  the  length  is  determined;  to  this  length 
should  be  added  the  projecting  portion  from  the  plate  at  H 
to  the  cornice  line  at  F. 

78.     Relattve  Heights  of  IntersectiniT  Pistes. — In 

Fig.  46  is  shown  a  vertical  section  of  the  rafters  and  plates 
shown  at  B  C,  Fig.  45;  in  Fig.  46,  however,  plate  C  is  placed 
much  higher  than  plate  A.  To  determine  the  relative  heights 
of  the  two  plates,  let  F  represent  the  intersecting  point  of 
the  cornice.  From  Adraw  the  pitch  of  the  wide  side  of  the 
roof  from  ^to  K,  as  shown.  Also,  from  /"draw  the  pitch  of 
the  narrow  side  of  the  roof  from  FXa  M.  Let  /"O  equal  the 
width  of  the  cornice,  and  through  O  draw  the  face  line  of 
the  building,  OA  representing  the  distance  from  the  plancher 
to  the  upper  face  of  the  plate  ofThe  wide  side  of  the  roof, 
and  O  C,  the  distance  to  the  upper  face  of  the  plate  of  the 
narrow  side  of  the  roof.  The  distance  from  A  to  C  indicates 
the  difference  in  heights  between  the  two  plates. 


DBTAII.S  OF  ROOFS  AND  TOWERS 
79.  Bevels  for  Square  Towers. — Fig.  47  illustrates  a 
plan  and  elevation  of  a  square  tower,  or  pyramid.  The  purlin 
line  is  shown  at  A  B,  while  at  B  is  shown  the  face  bevel  for 
the  pudin.  To  find  the  miter  bevel  D,  draw  the  line  AE  M 
right  angles  to  the  slant  of  the  tower;  make  A  D  equal  to  A  C 
and  connect  DE,  which  will  give  the  correct  angle  for  the 
miter.  The  figures  to  be  used  on  the  square  to  lay  out 
bevel  D  will  be  the  length  oi  AD  on  the  tongue  and  the 
length  of  ^  £  on  the  body,  the  tongue  giving  the  cut.  For  the 
bevel  B,  take  the  length  of  BFon  the  tongue  and  the  length 
of  FA  on  the  body;  the  tongue  will  give  the  cut.  The  line 
FA  is  drawn  at  right  angles  to  the  pitch  of  the  tower  from 
point  A. 

To  find  the  face  bevels,  draw  from  H  the  line  /f  Z.  at  right 
angles  to  the  side  of  the  tower,  and  from  A',  the  line  KM  at 
right  angles  to  the  other  side.     Draw  HL'  square  to  H  K, 
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and  make  it  equal  in  length  to  HL.  Connect  L' K;  then,  K 
will  be  the  bevel  to  apply  to  the  upper  face  of  the  brace, 
and  G  will  be  the  bevel 
for  the  side,  or  the  plumb- 
bevel.  These  two  bevels 
applied  to  the  bottom  end 
of  the  brace,  as  at  GotK, 
wilt  indicate  how  to  mark 
the  brace  so  as  to  fit  the 
sides  of  the  tower.  The 
bevel  at  H  is  the  side 
bevel  for  the  top  end  of 
the  brace,  and  is  found  as 
follows:  From  fC  and 
square  to  the  line  of  brace 
A'/f.  drawthelineA'iV, 
J^£'  making  it  equal  in  length 
''  to  KM.  Connect  M'Hx 
then,,  the  angle  KHM' 
will  be  the  correct  bevel. 
The  other  bevel  is  shown 

aty. 

SO.  Octagonal  Roofs 
aud  Towers. — To  find 
the  figures  on  the  square 
to  lay  out  the  hips  of  an 
ootasonal  roof,  use  the 
method  shown  in  Fig.  48, 
which  illustrates  the  plan 
of  an  octagonal  roof. 
The  common  rafters  in 
octagonal  roofs  and 
shed,  or  hip,  roofs  are 
alike.  The  same  figures 
give  the  plumb-  and  . 
''0-  "  foot-cuts,  and  the  length 

is  determined  in  the  same  manner  on  the  square. 
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In  Fi^.  48,  square  No.  1  indicates  a  pitch  of  16  inches  per 
foot  of  run  for  the  common  rafter.  By  producing  the  dotted 
line  d  from  the  body  of  square  No.  1  to  intersect  the  plan 
line  of  the  hip  Ac,  square  No.  2  placed  as  shown  will  indi- 
cate the  fibres  13  on  the  tongue  and  16  on  the  body,  which 
are  the  proper  points  for  the  rise  of  the  hip  rafter.  In  other 
words,  the  common  rafter  rises  16  inches  in  every  12  inches 


of  run,  and  the  hip  rafter  rises  16  inches  in  every  13  inches 
of  run.  The  13  inches  remains  constant  on  the  tongue  no 
matter  what  the  rise  is  on  the  l)ody. 

If  the  total  run  of  the  common  rafter  is  5  feet,  the  length 
may  be  found  by  stepping  along  the  rafter  timber  five  times 
with  the  figures  shown  on  square  No.  1;  that  is,  12  inches  on 
the  tongue  for  the  run  and  16  inches  on  the  body  for  the 
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rise.  The  lenetb  of  the  hip  rafter  can  be  found  by  stepping 
along  the  rafter  timber  five  times,  the  same  as  for  the  com- 
mon rafter,  but  the  figures  on  the  square  in  this  case  will  be 
13  inches  on  the  tongue  for  the  run  and  16  inches  on  the 
body  for  the  rise.  The  foot-cut  of  the  hip  rafters  will  be 
13  inches  on  the  tongue  and  16  inches  on  the  body,  the 


tongue  giving  the  cut;  for  the  plumb-cut,  mark  along  the 
body  of  the  square.  The  figure  13  on  the  square  is  to  the 
octagonal  roof  what  the  figure  17  is  to  a  rectangular  roof. 

81.     Side   Cut   for   Octagonal -Roof   Hip    Rafters. 

There  are  several  ways  of  framing  the  tops  of  octagonal 
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hips,  and  the  side  or  cheek  cut  of  the  hip  rafters  will  there- 
fore depend  on  the  method  of  framing.  Figs.  49,  60,  and  51 
show  three  methods  of  framing.  In  Pig.  49,  all  hip  rafters 
meet  at  a  point;  both  sides  of  each  rafter  are  cut  off  at  an 
angle  of  22a°  in  plan,  and,  if  the  rafters  were  laid  level,  this 


would  be  the  correct  angle  for  the  side  cats.  As  a  matter 
of  fact,  however,  the  rafters  are  on  a  pitch;  consequently, 
the  side  cut  is  less  than  22i°,  and  as  the  roof  gets  steeper, 
the  angle,  or  side  cut,  becomes  more  acute. 

To  find  the  figures  to  use  on  the  square  when  the  hips  are 
framed  in  this  manner,  use  the  following  method.     Fig.  49 
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shows  the  plan  of  a  hexagonal  roof,  with  all  the  hip  rafters 
in  place.  The  rise  and  lengths  of  both  the  cotnmoD  rafter 
and  the  hip  are  shown.  From  the  end  of  any  of  the  hips,  as 
at  A,  lay  off  a  perpendicular  to  the  seat  of  the  hip,  and  continue 
this  perpendicular  until  it  intersects  the  seat  of  the  common 
rafter  produced  at  B.  Then,  from  A  on  the  seat  of  the  hip 
produced,  Uy  off  the  distance  A  C  equal  to  the  length  of  the 
hip.  Connect  CB\  then,  A  CB  will  be  the  desired  angle,  or 
cheek  bevel,  to  be  used  on  both  sides '  of  the  hip.    The 


figures  to  use  on  the  square  are  the  distances  A  B  on 
the  tongue  and  ^  C  on  the  body,  cutting  along  the  body. 
As  A  B,  or  the  base,  is  a  constant  distance  per  foot  of 
run,  the  following  rule  is  deduced,  which  will  hold  true  for 
all  unbacked  hips  framed  in  this  manner. 

Rule. — Far  the  cheek  cut  ot  hip  rafters  on  octagonal  roofs, 
lake  5.38,  or  5\,  inches  on  the  tongue  of  the  square,  and  Ike 
length  of  the  flip  per  foot  of  run  on  the  body  of  the  square,  and 
cut  along  the  body. 
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IVhen  Ihe  hip  is  backed,  lake  4.97,  or  5,  inches  on  the  tongue 
ol  the  square  and  the  length  o!  the  common  rafter  per  foot  of  run 
on  the  body  of  the  square,  and  cut  along  ihe  body. 

82.  In  Fi^.  50,  two  of  the  hip  rafters  butt  against  each 
other  at  their  upper  ends,  and  at  right  angles  to  them  and 
butting  against  their  sides  are  two  other  rafters;  all  four 
rafters  have  square  cuts  on  the  top.  The  other  four  rafters 
are  framed  into  the  angles  of  the  first  four,  and  have  cheek 
cuts  on  both  sides,  the  angle  of  cheek  cut  in  the  plan  being 
46°.  The  method  of  obtaining  the  true  cheek  cut  is  the 
same  as  explained  in  the  preceding  article,  with  the  excep- 
tion that  in  this  case  the  base  is  carried  to  the  seat  of  the 
hip  produced.  The  figures  to  use  on  the  square  are  found 
hy  taking  the  distance  AB,  or  the  base,  on  the  tongue,  and 
the  distance  A  C,  or  the  length  of  the  hip,  on  the  body,  the 
body  giving  the  cut. 

The  following  rule  will  hold  true  for  the  side  cut  of  the 
four  jack-rafters,  if  unbacked,  when  framed  in  the  manner 
described. 

Rale. — Take  13  inches  on  the  tongue  of  the  square  and  the 
length  of  the  hip  per  foot  of  run  on  the  body  of  the  square,  and 
cut  along  the  body.  When  the  hips  are  backed,  take  5  inches  on 
the  tongue  of  (he  square  and  the  length  of  the  common  rafter  per 
foot  of  run  on  the  body  of  ihe  square,  and  mark  along  the  body; 
then,  apply  the  square,  to  this  mark,  using  the  same  figures,  and 
cut  along  the  body, 

83.  Fig.  51  shows  a  plan  of  an  octagonal  roof  in  which 
the  hips  are  framed  to  an  octagonal  block,  or  pole,  in  the 
center.  When  rafters  are  framed  in  this  manner,  the  only 
cut  at  the  top  is  the  plumb-cut. 

84.  Octagonal-Roof  Jack-Rafters. — Fig.  52  shows  a 
developed  side  of  the  roof  illustrated  in  Pig.  51.  To  make 
this  development,  lay  off  G  A' equal  in  length  to  the  com- 
mon rafter;  from  /"and  at  right  angles,  lay  off  FD  and  FE, 
each  equal  to  one-half  the  length  of  one  side  of  the  octagon. 
Connect  G  and  D,  and  <7and£';  then,  these  two  lines  will  be 
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the  correct  length  of  the  hips,  and  the  triangle  EG D  will 
be  the  true  size  and  shape  of  one  side.  Furthermore,  all 
the  members  of  the  roof  will  be  shown  in  their  true  lengths, 
and  the  angles  found  will  be  the  true  angles. 

For  the  side  cut  of  the  jack-raflers  to  fit  against  the  hip, 
take  the  distance  FD  on  the  tongue  of  the  square  and  the 
length  of  the  common  rafter  FG  on  the  body  of  the  square, 
and  cut  along  the  body.  For  the  side  cut  of  any  octagonal 
jack-rafter,  take  5  inches  on  the  tongue  of  the  square  and  the 
length  of  the  common  rafter  per  foot 
of  run  on  the  body  of  the  square,  and 
cut  along  the  body. 

The  true  length  of  the  jack-rafter  is 
shown  in  this  illustration.  To  obtain 
the  diflEerence  in  lengths  of  jack-rafters 
in  any  octagonal  roof,  use  the  follow- 
ing proportion:  5,  or  4.97,  inches  is  to 
the  length  of  the  common  rafter  per 
foot  as  the  spacing,  in  inches,  is  to  the 
difference  in  length;  or,  multiply  the 
length  of  the  common  rafter  per  foot 
of  run  by  .S201  and  then  by  the  spacing 
inches.  Thus,  the  length  of  the 
common  rafter  per  foot  of  run  in  a 
16-inch  pitch  is  20  inches.  If  jack- 
rafters  are  spaced  13  inches  on  centers, 
then  the  difference  in  the  length  will 
be  in  the  first  case,  4.97  :  20  =  16 :  64.4; 
in  the  second  case,  20  X  .201  X  16 
=  64.32  inches.  That  is,  the  first  jack- 
rafter  next  to  the  common  rafter  will 
F'o  62  be  64  32  inches  shorter  than  the  com- 

mon rafter,  the  second  jack -rafter  will  be  64.32  inches  shorter 
than  the  first  jack-rafter,  and  so  on. 

The  cut  of  the  roof  boards  to  fit  over  the  hips  can  be 
obtained  by  using  the  same  figures  as  for  the  side  cut  of 
jack-rafters,  but  the  cut  must  be  made  along  the  tongae  of 
the  square. 
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85.  Backing:  Hips  tor  Octagonal  Roofs. — Pie.  53 
shows  two  methods  for  obtainm^  the  figures  on  a  square  to 
back  the  hip  rafters  on  an  octagonal  roof.  The  method 
shown  on  the  left  side  of  the  illustration  is  applicable  to  all 
hips,  even  when  the  bevel  is  not  the  same  on  both  edges. 
Lay  off  the  line  A  C  equal  to  the  rise  of  the  rafter,  and  con- 
nect B  and  C.  From  any  point  on  B  C,  as  at  D,  erect  a 
perpendicular  to  B  C,  intersecting  the  seat  of  hip  in  E. 
Through  the  point  £",  draw  the  line  JU  parallel  with  the 
pitch  of  the  rafter; 
also,  through  E  erect 
a  perpendicular  to  the 
seat  of  the  hip,  inter- 
secting the  plate  line, 
or  the  plate  line  pro- 
duced. In  this  case, 
the  perpendicular 
intersects  the  plate 
line  at  G.  Uaki  E  ff 
and  fy  each  equal  in 
length  to  E  G.  Con- 
nect D  and  H,  and  D 
andy;  then,  the  angle 
EDH  will  be  the 
proper  bevel  for  one 
side  of  the  hip,  and 
the  angle  ED  J,  which  ""■  '^ 

in  this  case  is  equal  to  ED H,  will  be  the  proper  bevel  for 
the  other  side.  The  figures  to  use  on  the  square  are  the 
distances  EH  on  the  body  and  ED  on  the  tongue,  cutting 
along  the  tongue. 


86.  The  method  shown  on  the  right  in  Fig.  53  is  appli- 
cable only  when  both  sides  of  the  rafter  are  backed  with  the 
same  bevel.  At  K,  on  the  pitch  line  B'C,  erect  a  perpendic* 
ular  intersecting  the  seat  of  the  hip  AB'  at  B.  From  £"', 
and  at  right  angles  to  the  seat  of  the  hip,  draw  E'J',  inter- 
secting the  plate  line  produced.     Connect  J'  and  D',  and  the 
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angle  J'H  E'  will  be  the  bevel.  The  figures  on  the  square 
are  the  distances  E'  ly  on  the  tongue  and  E'J'  on  the  body. 
Cut  along  the  body. 

This  method  may  be  used  for  any  regular  polygon,  while 
the  first  method  can  be  used  either  for  a  regular  or  for  an 
irregular  plan. 


PtO.  H 

87.  The  first  method  applied  to  an  irregular  plan  is 
shown  in  Fig.  54  (a),  ABCDE  is  the  plan  of  a  hip  roof 
containing  five  hips,  no  two  of  which  have  equal  lengths,  but 
all  of  them  have  the  same  rise;  consequently,  no  two  of  the 
roof  surfaces  have  the  same  pitch. 

To  find  the  backing  for  both  sides  of  hip  No.  2,  make  /"Z, 
equal  to  the  rise,  and  connect  L  and  A.     From  any  point  on 
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the  line  LA,  draw  MK  at  right  angles  to  LA,  the  point  K 
being  in  the  seat  Hoe  A  F.  Through  A"  and  at  right  angles 
to  AF,  draw  GH;  also,  through  K  and  parallel  with  the 
pitch  of  the  rafter  AL,  draw 
NO.  Make  KO  equal  in 
length  to  KH,  and  KN 
equal  to  KG. 

Connect  M  and  0,  and  M 
and  N.  The  angle  KMO  is 
the  bevel  to  apply  on  the 
side  H  of  the  rafter,  and  the 
angle  K  M N  is  the  bevel  to 
apply  on  the  side  G. 

The  figures  to  use  on  the 
square  are  the  distances  M K 
and  KO,  for  the  H  side  of 
the  rafter,  and  MK  and  KN 
for  the  G  side,  MK  giving 
the  cut  in  both  cases. 

Incidentally,  in  (^)  is  shown 
a  short  method  of  finding  the 
lengths  of  all  the  hips. 


88.  Farllns  for  Octago- 
nal Towers. — The  plan  and 
elevation  of  an  octagonal 
tower  is  shown  in  Fig.  55, 
the  lineWfi  representing  the 
line  of  purlin.  To  find  the 
bevels,  draw  the  line  AC  ^X 
right  angles  to  the  pitch,  or 
slant,  of  the  side.  Make  A  D 
equal  to  EF,  and  connect  D 
to  C.  The  angle  shown  at  D 
will  be  the  down  cut  of  the 
purlin,  and  that  shown  at  G  will  be  the  face  cut. 
on  the  square  for  bevel  D  are  the  length  A  D 


The  figures 
I  the  tongue 
and  the  length  A  C  on  the  body,  the  tongue  giving  the  bevel. 
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89.  Brace  Bevels  lor  Octagronal  Towers. — The 
method  of  fmding  the  brace  bevels  for  an  octagonal  tower  is 
similar  to  finding  the  same  bevels  of  a  square  tower. 
Fig.  56  (a)  shows  the  plan  and  elevation  of  an  octagonal  tower. 
The  lines  A  B  and  CD  represent  the  lines  of  braces.  From  E, 
draw  the  line  EF  at  right  angles  to  the  pitch  of  the  tower, 
and  from  G  draw  the  line  Gff  at  right  angles  to  the  same 
side.  Draw  Z>^at  right  angles  to  the  brace  line  CD,  and 
make  it  equal  in  length  to  EE;  connect  /C  to  C.  From  C 
and  at  right  angles  to  the  brace  CD,  draw  CJ,  making  it 
equal  in  length  to  G//;  connect  /  to  D.  The  bevels  shown 
at  /I  and  B  are  to  be  applied  to  the  side  of  the  braces,  and 
those  shown  at  D  and  C,  to  the  upper  face,  or  back  of  the 
braces,  D  being  applied  to  the  upper  and  C  to  the  lower  end 
of  the  brace.  It  will  be  noticed  that  bevels  A  and  B  are  in 
the  angles  between  the  brace  line  A  B  and  the  two  hips. 

In  (b)  is  shown  how  to  apply  the  square  to  obtain  the  cut 
for  the  bevel  at  C. 

90.  Framlnpr  Bexaffonal  Roofs.  —  In  Fig.  67  are 
shown  the  plan  lines  of  a  hexagonal  roof  Q,r  tower.  The 
method  of  finding  the  figures  on  the  square  to  obtain  the 
lengths  and  cuts  of  rafters  is  the  same  as  that  for  framing 
octagonal  roofs.  The  figures  on  square  //o.  1  indicate  that 
the  common  rafters  rise  S20  inches  per  foot  of  run.  By 
placing  square  No.  2  on  the  seat  of  the  hip,  with  its  heel  on 
the  line  of  the  body  of  square  No.  1,  the  figures  on  square 
No.  2  giving  the  pitch  of  the  hip  rafter  will  be  found  to  be 
IZ\  inches  on  the  tongue  for  the  run,  and  20  inches  on  the 
body  for  the  rise.  The  cuts  will  be  found  by  marking  along 
the  tongue  for  the  foot-cut  and  along  the  body  for  the  plumb- 
cut.  The  length  will  be  found  by  stepping  along  the  timber 
the  number  of  times  that  the  common  rafter  contains  feet  in 
its  run. 

The  common  rafter  in  a  hexagonal  roof  is  the  same 
as  in  an  ordinary  roof.  The  figures  13%  are  to  the  hexago- 
nal hip  what  13  is  to  the  octagonal  hip  or  17  is  to  the  rect- 
angular hip. 

168-44 
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The  method  of  finding  purlin  and  brace  bevels  is  the  same 
in  the  hexagonal  roof  as  in  the  octagonal  roof. 

91.  Side  Cuts  of  Hexa^ronal  Hips. — The  method  of 
finding  the  side  cuts  for  hexagonal  hips  is  the  same  a^  for 
octagonal  hips.  There  are  a  number  of  ways  of  framing 
the  top  ends  of  the  hips,  but  as  the  method  of  finding  the 


figures  to  use  on  the  square  is  the  same  as  for  octagonal 
hips,  the  expressions  on  the  square  will  be  given  without  a 
demonstration  of  the  principle. 

Fig.  58  shows  four  ways  of  bringing  the  tops  of  the  hips 
together.     In  (a)  all  the  hips  are  framed  to  a  point,  and  the 
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side  cuts  are  the  same  on  both  sides  of  the  six  rafters.  The 
figures  to  use  on  the  square  to  obtain  these  bevels  are 
8  inches  on  the  tongue,  and  the  length  of  hip  per  foot  of  run 
on  the  body.  Cut  along  the  bodj*.  If  the  hips  are  backed, 
take  6.92,  or  SH,  inches  oo  the  tongue  of  the  square,  and  the 


length  of  the  common  rafters  per  foot  of  mn  on  the  body, 
and  cut  along  the  body. 

92.  If  the  hips  are  framed  as  in  Fig.  68  (i),  two  of  the 
hips  will  butt  against  each  other  and  the  only  rut  will  be 
the  plumb-cut.  The  cuts  for  the  other  four  hips  are  similar 
to  each  other.  They  have  a  cheek  cut  on  both  sides,  but 
these  cuts  are  not  the  same.     The  cheek  cut  on  the  side  that 
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fits  against  the  batting  hip  is  found  hy  taking  12  inches  on 
the  ton^fue  of  the  square  and  one-half  the  length  of  the  hip 
per  foot  of  run  on  the  body  of  the  square,  and  cutting  along 
the  body.  The  cut  for  the  other  side  of  the  hip  is  the  same 
as  when  the  hips  meet  at  a,  point,  that  is,  8  inches  on  the 
tongue  of  the  square,  and  the  leogth  of  the  hip  per  foot  of 
run  on  the  body  of  the  square.  In  this  case,  the  cut  is  along 
the  body.  If  the  hips  are  backed,  take  6.92  inches  on  the 
tongue  and  the  length  of  the  common  rafter  per  foot  of  run 
on  the  body,  and  mark  along  the  body;  then,  apply  the  square 
to  this  mark,  using  the  same  figures  as  before,  and  cut  along 
the  body  for  the  side  to  fit  against  the  butting  hip.  For  the 
other  side,  take  6.92  inches  on  the  tongue  and  the  length  of 
the  common  rafter  per  foot  of  run  on  the  body  of  the  square, 
and  cut  along  the  body. 

93.  If  the  hips  are  framed  as  in  Fig.  58  (c),  two  of  the 
hips  butt  against  each  other  as  in  W.  The  other  four  hips 
have  the  same  cuts;  two  of  them  have  the  cut  from  one  side 
only,  and  the  other  two  have  the  same  cut  on  both  sides. 
This  latter  cut  is  the  same  as  for  the  side  cut  of  the  hip  to 
fit  against  the  butting:  hip  in  ib),  that  is,  12  inches  on  the 
tongue  of  the  square  and  one-half  the  length  of  the  hip  per 
foot  of  run,  on  the  body  of  the  square.  The  cut  is  along  the 
body.  When  the  hips  are  backed,  the  side  cut  is  6.92  inches 
on  the  tongue,  and  the  length  of  the  common  rafter  per  foot 
of  run  on  the  body.  The  cut  is  along  the  body.  Apply  this 
cut  to  each  side  of  the  two  rafters,  and  to  one  side  only  of 
the  other  two  rafters. 

94.  In  Fig.  58  (d)  is  shown  the  hip  framed  to  a  center 
pole  or  block.  In  this  case,  there  are  no  cheek  cuts,  the 
plumb-cut  only  being  applied. 

95.  Jack-Ratters  and  Roof  Boards  for  Hexagonal 
Roots. — The  method  of  finding  the  figures  on  a  square  for 
the  side  cuts  of  jack-rafters  in  hexagonal  roofs  is  the  same  as 
that  used  for  finding  the  cheek  cuts  for  jack-rafters  in  octag- 
onal roofs,  as  already  explained.  The  rule  that  holds  true 
for  all  hexagonal  roofs,  regardless  of  pitch,  is  as  follows: 
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Bale. — To  find  the  cheek  cut  for  a  jack-raUer  on  a  he. 
roof,  take  6.93  inekes  on  ike  tongue  of  Ike  square  and  (k< 
of  the  common  rafter  per  foot  of  run  on  the  body  of  the 
and  cut  along  tke  body. 

For  Ike  roof  boards,  use  ike  same  figures  on  ike  sguare, 
along  the  tongue. 

The  difiEerence  in  lengths  of  jack-rafters  in  he: 
roofs,  is  expressed  by  the  following  proportion:  6.£ 
the  length  of  the  common  rafter  per  foot  of  run  as  t 
cing,  in  inches,  is  to  the  difference  in  length.  For  e: 
take  a  roof  with  a  pitch  of  16  inches  in  12  inches,  ij 
the  jack-rafters  are  spaced  16  inches  on  centers.  F 
pitch,  the  length  of  the  common  rafter  is  20  inches  pei 
run.     Then,  6.92  inches  :  20  inches  =  16  inches :  46.24 

or,  ■  e  Qo"  =  46.24  inches,  which  is  the  difference  in 

The  difference  may  also  be  found  by  multiplying  the  le 
the  common  rafter  per  foot  of  run,  by  .144  and  by  the 
in  inches;  thus,  in  the  preceding  case,  20  X  .1' 
=  46.08  inches. 

Set  a  bevel  instrument  at  6.92  inches  on  the  tongui 
square  and  20  inches  on  the  body.  Slide  the  instrui 
5.59  inches  on  the  tonguCt  and  the  body  will  read 
which,  subtracted  from  20  feet,  leaves  3.85  feet,  or 
10.2  inches,  or  46.2  inches.  The  5.59  is  obtained 
tractiug  16  inches,  or  1.33  feet,  from  6.92.  If  the  c 
rafter  is  20  feet  long,  then  the  jack-rafter' next  to  tt 
moo  rafter  will  be  16.15  feet,  or  16  feet  1.8  inches,  lo 
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steel  reinforcement.  Unit.  (77.  p27. 

Surface  finish  of.  {77.  plO. 

Table  of  crasblns  alrenetb  of,  127.  p2. 

Use  and  valae  of.  (77.  pi. 

Uses  of  reinforced.  |I7,  p20, 

walls,  Clssamcatlon  of  reinforced-.  (27.  p20. 

walls.  Hollow  reinforced-.  {27.  p20. 

walls.  Solid  reinforced-.  {27.  p20. 
Conductors,  Preserving  Euttera  and,  {31,  pfl. 
ConicalrooFs.  (32.  pl4. 

r   liooped,  rein  Forced-concrete 


3.  (27.  pi 


sio 

n  atid.  (34.  pl4. 

menl,l2B,  plO. 

oico 

mcrele.  Eipanalon  and.  (71.  p>. 

r  for  area  walls.  129,  p3. 

«.  {28,p77. 

Comei 

■joint,  Shouldered.  l»4.pS. 

post! 

i.  (31,  pea. 

9S,  Onoln.  or.  {28.  pp4. 18, 

Comic 

e  and  Kntter.  (32,  p72. 

(82.  p23. 

plate 

and  raliers.  Relation  of,  (54.  p< 

plates.  Relative   heiEhti    of   Intersi 

(S4,p6a, 

Corrosion  of  steel  in  concrete. 
Cottonwood,  mack.  ()1.  p38. 
Counter  and  table  tops.  Wood 
Couple-Close  roofs.  {38.  pl8. 


i>of.{ 


.Pl7. 


roofs.  Table  of  scantliuE  For.  {33.  p18. 
Course  leveleis,  Jumtwrs  or,  128.  pll. 
Coursed  ashlar,  (28.  pS, 

rubble.  (28.  p6. 
Covering.  Roof.  (32,  pW. 
Cracks.  Avoidance  of  plaster,  |82,  p67. 

in  concrete.  {27.  pl7. 
Crlbbase,  Wood  for  pliea  and,  (81.  pi. 


Cribs. 


caisson 


.124,p 


;  of,  {27.  p26. 
'Ily.  127.  p4. 


Cuban  mahosenr.  (31.  p4D. 
Cup  shakes.  131,  pl4. 

Curb  and  ritter  of  concrete.  Combined.  (17. 
pll. 

root.  Hansard,  or.  (31,  pp9, 12. 
Curbs.  Concrete,  (27,  ppll,  17. 
Curly  m^e.  (31.  p3<. 
Curve  work.  Laminated.  (35,  pI7. 
Curved  mIteM.  (35.  pl2. 

outlines,  DescriblDt.  (58.  p4S. 

walls.  Windows  in.  (35,  pi. 
Curvilinear    roof.    ProfilinK  bip   and   jack- 

rafters  lot  a,  (32,  pa. 
Cot  for  hip  or  valley.  Seat.  (54,  pTI. 

i  hip  fafters.  Side.  1S4. 


Bcrlptive 


pee. 

for  rafters  of  any  pilch.  Cbeek.  (37.  pT. 
Cuts  and  lengtbs  of  ratters,  (32.  pS. 
tor  bIp  rafters,  Laylne  out  side,  (54.  p5T. 
for  purlins.  Ulter.  132,  pS, 
of  common  rafters,  Lencttaa  and.  {82.  pi. 
of  hexagonal  hips.  Side.  (54.  p7ll. 
of  hip  or  valley  ratters.  Length  and.  (n 

P7. 
of  jack-raflera.  Lensth  and.  (32,  p7. 


ioy  Google 


Dmdo  lolnt,  |M.  pO. 

Dadoi  and  walnicotB.  ISl.  pl7. 

Damp-prooanB  cBll»r  walls,  IM.  pW- 

Damimeii  In  cgllat  walls.  124.  pSS. 

Datam  line.  IIS,  pi. 

Deafeafnt,  Floor.  181,  pT3. 

Paitlllon.  ISl.  pSl. 
Deal.  White.  tSl,  pSO. 
Decagon,  IG3.  p28. 
Decay  ol  timber.  W.  pt. 

or  rel.  In  timber.  181,  pis. 
Decimal  Kale.  fS3.  plS. 
Declmala  o(  an  inch  for  each  Htb  and  24Ih. 

Table  of.  (M,  plB. 
Deotlli.  m.  p3l. 

Descriptive,  constnictive.  and  analytic  car- 
pentry. ISl,  iHS. 
Dnlrn  of  posts.  IKS.  p3. 
Dlaeooal  scBle  on  i       ' 


id  bolts, 


rable 


Dlami 

o(  standard,  183.  p9.  . 

Disk  piles.  t23.  p27. 
DodecaE(Hi,15.1.p2S. 
Dome  centers,  JS2.  pJB. 

Eve  of  a.  |S2.  pTS. 

Hemispherical.  [32.  p7S. 
Domet,  Interior.  13^.  pTO. 


Deorand  window  opetilnss.tSl.  p89. 

dealsn  and  construction.  134,  pZ2. 

Five-paneled.  |34.  p2J. 

framlns.  Doubled,  |34.  p27. 
Doors.  Construction  ol.  134.  p'JS. 

FoldlDE.lM.  p2D. 

lash.  wBinscotlnic.  etc..  Wood    for  solid 
framed,  lai.  p2. 

Sizes  of.  184.  p22. 

Sliding.  IS4.  p2T. 

Storm.  |M.  pZ9. 

Veneered.  [85.  pHI. 
Doorway,  Center  lor  semicircular.  I3'2.  pTO, 
Dormer  window.  WaEOn-head.  132.  p37. 

windows.  182.  pSl. 
Doable  floors.  131.  p78. 

pitcb.  OT  Eable.  roof.  132.  p2. 
Donslas  Br  or  spruce.  131.  p29. 
Dovetail  Halving.  131,  pi.'>. 

lolnt.  [34.  pT. 

joint.  Blind,  or  secret.  IS4,  plO. 

joint.  Hall-lap.  184.  pS. 

Joint.  Lap.  134,  pR. 


Dovetail— (Continued) 

mortiae.  |S1,  pS*. 
DovetaJllucr.  Uacliine.  131.  pit. 
Doweled  door  framlne,  1B4.  (OT. 

jolaia.  [84.  pll. 
Drainage  of  areas.  t2fi.  p4. 
DralnB.  Subsoil.  |»,  pll. 
Draw-bore  pin.  Treenail  or.  (31.  pp4B.  60. 
Drawer  slides.  I»i.  P46. 
Dreised  Itimber.  131.  pl4. 
Dreisins  ashlar.  [2S.  pl8. 

stone.  Paulli  In.  12S.  p40. 
Drips.  Stone  washes  and.  128.  pSO. 
Driving  plies.  12S.  P'JS. 
Druir  knots  In  limber.  131.  pit. 
Dry  rot  In  timber.  (31.  p4. 

shrinkage  of  Inmber.  [81.  p2e. 
Drying  ol  limber.  Kiln.  (81.  p2S. 
Duplex  hangers,  [Sl.ppSS,  64. 
Duramen  of  trees.  131,  plO. 

K 
Ebony.  |S1.  p4l. 

Brown.  [31,  p42. 
Ellipse  with  the  iteel  sqaare.  To  descrit 
an,  (M.  P45.  / 

Elliptic  arch.  Palie.  iW.  plS. 

arch.  True,  1J9.  pH. 
Blm,  White.  (81.  p84. 
Endogenous  trees.  |81.  p3, 
Engllshoak.  131,  P38. 
Entablature.  Definition  of.  123.  p31. 
Entrance  areas.  Window  and.  I'JR.  pS. 


,l.pltch 


1.  IM.P 


rooli,  Laylnl 
154.  plT. 
Eaullateral  stone  arches.  119.  pl2. 
triangle.  Laying  out  an.  1S3.  p2R. 
Rvergrern  class  of  wood.  181.  p'^. 
EicavatioD,  Measnremeat  of,  (23.  pl2. 
Excavations.  Depth  and  area  o(.  (28.  P 


-lalfi 
Staking  out.  123,  pS. 

Exogenous  growths.  {31,  p». 
trees.  ISl.  pS. 

Expanded  metal.  Poolings 

(21,  pr 


23.  pll. 


for.  In 


|S4,  pll. 
Exterior  trim.  Wood  for.  181,  p2. 
Bye  ol  a  dome.  (32.  p76. 
Eyebrow  windows.  132.  pS8. 


ioy  Google 


■icb,  129.  pis. 

iwer.  DeHnllioa  o(,  ilS,  p2S. 

Ins  of.  f 81.  pit. 

pi. 

isioe  stone,  (28.  pID. 

Proper  lime  for.  131.  plS. 

Iplfon  ol.  as.  pl5. 

t.  (27.  pI6. 

alia.  [2«.  p«. 

in  pflei.  Concrete.  (M,  pl9. 

1  red.  |ai.  pSO. 

Isam.  CaKIornlK  while.  iSI.  pSO. 

race.  Balsam,  {SI,  p30. 

>ouKlaB.  (3I.p29. 

». 

lal.  Concrel 

■t.  tS5.  pS*. 

(7. 

3d  o(  laying  out  rafter 

jlt  coven. CalcuiatlDEBt 

d  for  Ions  timbers  and, 


PoolfnKB—  (Con  Hnned) 
reinforced  witb  eleel  I  beatnt.  121,  pit. 
reinforced  with  steel  rails.  EM.  plT. 
Spread,  IH,  p9. 
Timber,  tzi.  p2. 


a.  Cone 


e.  {27.  Pi 


FonndHtlon  soils.  BesrlnE  vali; 
Bolll,   Table  of    sale  bearing 

different,  {23  p9. 
walls.  Openings  In.  {24,  p>7. 
walls  partly  on  rocks.  (21,  pS5. 
walls.  Slone  rubble.  {24.  pSS. 


'.  P7. 


walls. 


ileredi 


bnilding. 
dweUlDE. 

Woodfo 
Pramine  a 


ilcknes 

e  arches.  (29.  pU. 
aing.  Balloon-,  {ai.  p47. 
Braced-.  (31.  pU. 
Window  <CHme  lor,  {34.  p33. 
r.  Wood  for  heavy,  (SI,  p2. 
llEht.  (81.  p2. 
Iiaybam,  (sa.  plOI. 


(M.  pie. 
an  nnequal  pitch  roof.  (M,  p32. 
BbIIood.  {32.  P4I. 
Doweled  door.  (34.  p2T. 
from  plan  lines.  Roof.  |M.  plS. 
heiaconal  roofs.  {M,  p75. 
joints.  (31.  p48. 
Roof.  {M.  pi. 
Preezlns  weather.  UbIde  lime  mon 

windows. 
Pungl  of  lin 
Pnroiture,  V 
FntTlnB,  Cr< 


enls.l34.pp4«.EI 
I.  p!». 
sr.  (31.  pl7. 
lOd  for.  {31.  pS. 

I:  f  II.  pse. 


i.Wi,o 


K.  »l,pfi. 


Loads  Ol 


I.  peo. 

i.  (34.  p29. 

opinK  ground.  {W.  p8. 

CDlating  the  area  of.  (24,  p28. 

Id  stone.  (24,  pi 
1.  (24,  p25. 
on  piles.  Stone.  {24.  pIS. 
on  piles.  Timber.  (24.  pl8. 
on  rock  and  cravel.  (24.  p7. 
l>roportlonine  o[.  124.  p2S. 
Purpose  ol.  (24.  pi. 
Reinforced- con  Crete.  {24.  plO. 
reinforced  wllh  expanded  metal,  {24.  pll. 
reinforced  wlib  steel  ban,  {24.  plO. 


Gable-and- valley  roofs.  M.  pS. 

roof.  Double-pitch,  or.  (S2.  p2. 
Gatdbrel  roofs.  (32.  pS. 
Ganlsler.  (2fi.  pl3. 

Georsia.  pine.  LoDE-leaf,  or.  (31,  p2H. 
Giant  ArborvitK.  Canoe  cedar,  or.  {31.  p 
GUbreth's  portable  gravity  concrete  ml 

{27.  p». 
Girders  .'Cambered.  [33,  pT. 

Flltcb-plate.  {33.  p14. 

Rein  forced-concrete  beams  and.  (27.  p: 


indow,  (14.  P46. 
ing.  {34.  pBZ 
IBS,  {34.  p62. 
a  Joints.  {34,  PL 


ioy  Google 


Gravel,  (23.  pS. 

FooHnei  on  rock  and,  |«.  p7. 
Green  heart.  |S1.  pt3. 
Grludlni  ot  cemeni.  m.  pIO. 


Ground*,  naaler,  iSI.  pss:  1S2.  p». 

GroDtlnn.  tZG.  pl9' 

Growth  □(  timber.  loHuence  of  Boil  on.  131. 

pis. 

Gum.  Sweet.  {31.  p39. 
Gutter.  Corufce  und,  |t2.  p22. 

IlninB  and  leader  pipes,  fsl.  i>27. 

ol  concrete.  Combined  carb  and.  |2>.  pll. 
Gntten  and  conductors,  Pretervlnir,  {31,  pe. 


Half-lap  dovetail  lolat,  IH.  p9, 

■Umber  work.  IS3.PIM. 
Halvinc.  Dovetail,  fSI.  p6G. 
Hand  mlilnE  of  concrete,  lU,  pS, 


H  Insen— <  Continued) 

Butii  or.  tSS.  pll. 
HlDClna  outside  blinds.  |8S.  pU- 
Hlp  and  jack-rafleri  (( 

ProfillnE.  ISZ.  p£2. 
-and-valley  ralter  cuts,  tM.  pll. 
and-valley  raderi    lot  roots  ot  tueqiud 

pllcta.  fM.  pas. 
-aad-vatley  roofs.  112.  p5. 
or   valley    for   equal-pitch   roofs.  Laying 

out.  {M.  plT. 
or  valley  rafters.  BackiuK.  IM.  p21. 
or  valley  rafters.  Laylne  out  unbacked. 

IM.  p49. 
or  valley  ralters.  Lengrth  and  cuts  of,  131. 

p7. 
or  valley  rafters.  Leusths  of.  (SZ.  pS. 
or  valley  roof ,  Jack-rafler*  and  root  boards 

for  a.  fH.  pis. 
or  valley.  Seat  cnl  for,  IM.  pll. 
or  valley.  Side  cut  of,  IH.  pS. 
ralleri,  LayluE  out.  }M.  p«. 
rafters,  LaylnE  out  side  cats  for.  |M,  pST. 
rafters.  Side  cut  for  octBEonal-roof,  iM, 

p«. 


Ha^eers.  Duplex,  131,  ppS3,H. 

roof  with  tineaual  pitehes.  IH.  pll. 

Coeti.  ISl.r.pM-.'H. 

roofs.  {82.  p4. 

Stirrup  irons  or.  (SI.  p52. 

Hips.  Bolton.  {32.  pS4. 

Van  Dom.  Wl.  ppM.  M. 

for  octagonal  roofs.  Backing.  IM.  pTl. 

Hard,  ot  pitch,  pine,  JSl,  p2S. 

Side  cuts  of  hexagonal,  (54.  p7«. 

pan,  (23.  pS. 

HUlotlcBl  eiaraple.Hol  stone  archea,  (29.  pL 

Holes  In  slone.  Sand,  (23.  pSH. 

Hardwoods.  Seasoning  ol,  tsi.  p». 

Hay  bam.  Pramlne  a.  |32.  plOI. 

Holly,  American,  (81,  M2, 

Haul,  (31,  toa. 

Heart.  Orecn.  (31.  p«. 

wood.  131.  pll. 

orBtar.shBkes.t3l.plS. 

Hooped.  relnlotced-coBcrelo  column.  Co«. 

'  wood  and  sap  wood.  131.  plO. 

sldcr*.  or.  (Z7.  pSO. 

HelEhts  of  Intersectinic  cornice  plates.  Rela- 

Hoppers. Analyse')  ol.  !M.  p33. 

tive,  IM,  p63. 

and  roofs.  Comparison  of.  iM.  pSS. 

Hemlipherical  dome,  132.  pT.S. 

Laying  out  square.  153.  p47. 

domes.  Method,  of  boardlnit.  132.  P76. 

Horseshoe,  or  Moorish,  arch,  (29,  pS. 

Hemlock.  (31.  p.10. 

Hot-air  pipes  In  parlillons,  iSl.  pS3. 

Western.  131,  p,-*. 

Hoi.sc  carpentry.  131,  p4S. 

Heptasou,  or  seven-sided  polyeon.  Uayine 

Housed  joint.  (34.  p«. 

uul  a  reBUlar.  {,13.  pM. 

HuBlini  miters.  135.  pH. 

Heptaconal  polyKon.  {.Vl,  p23. 

Hydraulic  limes.  (26.  pi. 

HcxaKOu,  or  stjt-sided  potyEon,  LaytnE  out 

a  regular,  {SS.  p82. 

I-beam  supports  for  stone  lintels,  (IS,  p24. 

polygon ,  {S3,  p2)>. 

beams.  Poolings  reinforced  with  steel.  (SI. 

roofs,  |32.  pis. 

pU, 

rools.  Framing.  {,14,  p75. 

Idaho  while  pine,  (31.  p28. 

roofs.  Jack-ralters  and  roof  boards  for. 

Incense,  or  California  while  cedar,' |11.  pO. 

iM.  p7S. 

Indian  oak.  or  teak.  (31.  ptS. 

Hickory.  |81.  pS4. 

Hinge*  and  their  application.  (SS,  pSl. 

a  polygop.  (sa,  p87. 

,1,1.1,  Google 


iDSpoctlon  o[  stODCvark,  {28.  p39. 
InteHor  domes,  fsz,  p7S. 

fit  Class.  {35.  p34. 

trim.  tSl.ptS. 

trim,  Window  (rame  wlili.  |3t,  p4Z. 

trim.  Wood  lor.  {SI.  p3. 
iDverted  arcbes,  t21.  x^l. 
Ironwork,  Cements  for  lasteoltuc,  tZS,  pl2. 


Jack-raflers  and  roof  boards  [or  a  hip  or 
valley  roof,  iH,  p]8. 
-raflBTS  and  roof   boards   for   hexaEona] 


Jotsti— (Contlniied) 

or  Hoorbeami,  ill.  pTO. 

Strenstb  of  beams  and,  in,  pi. 

Trimmer,  131.  p7S. 
Jntnpcrs.  or  course  levelsrs,  (28.  p 


Kahn 


hip  and.  S32.  p22. 
■rafters,  Laylns  out,  iH,  pV. 

-rafters.  I.cDeths  of.  182.  p3. 


Joinery.  DeHnition  d.  [84.  pi. 

In,  !».  pl4. 

work,  Marblne.  (31.  p11. 
Joint.  Barefoot,  131.  pU. 

Blind  or  secret  dovetail,  tu,  plO. 

Dado.  {31.  pS. 

Dovetail.  (31.  pT. 

Hatf-lap  dovetail.  13t,  p9. 

Housed,  {34.  pe. 

Keyed  miter.  134.  pfi. 

Lap  dovetail.  (34,  p8. 

Miter.  (M,  p4. 

Uorllae-and-tenon.  134.  pl2, 

Obliqtie  butt.  (31,  p4S. 

Scarf.  (SI.  p«l. 

Shonldercd-and-mitered.  134.  p5. 

Shouldered  corner,  {34,  p5. 
Jointer.  l2S.  p34. 
Joints.  Butt.  131.  p48:  134.  pi. 

Doweled,  134.  pll. 

Framing.  (31.  p43. 

Glued.  134,  pi. 

in  centers.  Direction  of,  {32.  pTS. 

in  joinery.  Classes  of.  134.  p^ 

i^ose,  134.  p2. 

Method  of  securiDB  mortise-and  tenon,  131 
p49. 

Mortise-and  teuon.  131.  p49. 

ProportionioB  scarf  and  lap,  131,  p66. 

Splice.  (!II.  p54. 

Straddle,  or  bridle,  131.  p56. 

TonKued-and-eroovtd.  134,  pe. 

Usei  of  morliBe-and' tenon.  {31.  p-W. 
Joist  anchors.  131,  p71. 
Joists  built  into  trails.  Preiervlnt,  131,  p5. 


n  ofri 


of  c 


127.  p2S. 

Kerflns,  Wood  bendine  by  saw,  iJ5,  p(S. 
Keyed  miter  joinl.  |34.  pS. 
Keylns,  Wood  bendine  by.  i3S.  pll. 
Keys  and  keyhiE.  134.  pIZ. 
Kiln  drying  of  timber.  (3t.  p2S. 

Molsl-alr,  131,  p25. 
KinspoBt  trass.  (33,  p19. 

truss.  Table  of  scantling  for.  {33.  p20. 
Kingposts  and  oneenposti.  (13,  p7. 
Kneeler.  DeSnltion  of.  12S.  lOl. 
Knots  in  stone,  128.  p3e. 

In  timber.  Dmiy.  {31.  pl9. 


Latiel  and  sofflt  moldlmn  for  stone  arcbes, 

129.  p21. 
Lafarge  cement.  {28,  p3. 
Laminated  curved  work.  (85.  plT. 
Lancet  arch,  {29.  plO. 

Lap  dovetail  joint.  {34.  pB. 

joints.  ProportionlDg  Bcarl  and.  (SI.  pM. 
Lathing.  {31.  P8A. 
Latbi.  Sbingle.  182.  p26. 
Lattice  bracing.  132,  pl%. 
Laws  regarding  vaults.  Building,  I2S.  p7. 
Laying  concrete.  127.  pC 

out  a  hip  or  valley  for  eflnal-pilch  roofs, 
154.  pH. 

out  a  regular   heptagon,   or   seven-sided 
polygon.  {I<3.  p34, 

out  a  regular  hexagon,  or  six-sided  poly- 


Ol 

II  a  regular  octagon,  or  eight-sided  poly- 

gon. (53.  pr». 

It  a  regular  pentagon,  or  five-sided  poly- 

gon. (St.  pra. 

It  a  regular  quadrilateral   polygon,  or 

square,  153.  p!l. 

It  an  equilateral  tHangle.  {63.  p28. 

out  and  spacing  stiles,  rails,  and  puiels  of 

wainscot.  {M.  p». 

It  ashlar.  (28.  pI4. 

It  braces,  {63.  p20. 

It  common  rafters,  l54,  pS. 

It  hip  rafters.  IH.  pC 

ot 

It  jack-rafters.  154,  p9. 

i,  Google 


I.«j'lM-(Contiooed) 

Looaa-(ConltDued) 

onlpolTEOBi,  iU.p!T. 

-pin  bQ(t,  |».  p!l. 

out  r>fWr  [Imben.  Plve-incb  matbod  ol. 

Lue  and  allp  sills.  128,  p2S. 

tS*.  P12. 

sills,  Slie  of.  128.  p2S. 

out  aide  cnt»  for  hip  raften,  fM.  PS7. 

Lumbar.  Definition  of.  [31,  p8. 

out  iqaue  hoppera,  fSS,  vtl. 

Dressed,  131,  pl4. 

oat  slair  ilHaavra.  IQS,  p(S. 

out  >lalri.  |63.  P«. 

Piling  ol,  (31.  pl8. 

ODt  timber.  iSl.  p20. 

ant  unbacked  hip  or  valley  rallcra.  tH,  ptO. 

M 

Machine  dovelallinB,  134,  pll. 

Leader  pipei.  Uutler  HoIhe  and.  (32.  p27 

mijtinK  of  concrete,  127.  p4. 

Lean-to  roof.  Shed.  or.  154.  pJ. 

Made,  or  aniBclal.  eronnd.  123.  pT. 

Lenvtb  and  cat*  of  hip  or  valley  rafters. 

132. 

Mahoeany.  |31,  p40. 

P'. 

Cuban,  131.  p40, ' 

and  CDtB  of  jack-rafterg,  (K,  pJ. 

(IL 

ofralter.  153.  ji2. 

p41. 

Lencth*  and  cnls  ol  common  rafters. 

132. 

or  pritna  vera.  White,  13L  pll. 

p7. 

Sanlo  Dominso,  or  Spaalsh,  131.  p40. 

Mansard,  or  curb.  rool.  132.  pp9. 12. 

of  hip  or  valley  rafiera."  183.  p8. 

Maple.  Blrd's-sye.  ISl,  pM. 

ol  Jaek-raftera.  (M,  p8. 

Curly.  (31,  p86. 

Level  bed).  128.  p6. 

OfOBOO,  IBI,  pS7, 

Levolcra.  Jnmpera.  or  course.  128.  plL 

Silver,  or  Boft.  (31,  p». 

Suear.  or.hard,  131.  pS«. 

Lleoum  vlts,  131.  p42. 

UarkloE  a  miter  box.  [ES.  p3T. 

Lime.  Alr-alaked.  fM.  p2. 

Marka.  Bench.  123.  p2. 

and  cement.  Usea  of.  126.  PL 

Marshy  soils,  123,  p6. 

BnmiKB  of.  i».  p3. 

Masoary.  Cement  and  mortar  lor  stone. 

.128 

Fat.  IM.  p3. 

pS. 

Manufacture  ol,  l26.  pL 

Defective  methoda  in  stone.  |28.  p2. 

mortar.  |M.  pH. 

Table  ol  slreoErth  of.  128.  p-IC. 

mortar.  Advantaee  of.  fX.  plS. 

wall.  Conatruction  of  window  frame 

for; 

morlat  la   (reeilne  weather.  Uaine. 

12«, 

134,  p38. 

pit. 

Matched  floor.  (31.  p76. 

Poor.  ISe.  p3. 

Mattress.  DeHnltion  of.  (23,  pll. 

Propertlei  ol.  128.  pj. 

Meaanre.  Board,  1.13.  p2B. 

Limea,  Calcined.  (26.  p2.  -, 

Bridge,  l!>3.p21. 

Claiaificatlon  ol,  138.  p3. 

Hydraulic,  [26.  p4. 

ol  stonework  (S8,  pSS. 

Wood-burned,  126.  p2. 

Medulla,  or  pith,  of  trees,  (31,  pB. 

Ut»e  board.,  123.  p4. 

Medullary  rays  in  trees.  131.  pit. 

ahcalhof  trees.  131,  pD. 

Linlola.  Built-up  alone,  (28,  p2,6. 

Melal.  PooliUBB  relnlo.i;cd  with  expanded. 

I-beam  aupporl^  for  stone.  128,  pZ4, 

124,  pll. 

Stone.  128,  p21. 

piles,  123.  p26. 

.Slonerelievln2.l28.pZ2, 

Meiicar  mahoeany,  or  baywood,  Hondi 

Sttenelh  ol  itoae,  128.  p2l. 

and.  (31,  p41. 

Live,  or  canon,  oat,  13I.  p32. 

Miter  and  face  cuta  for  any  angle  and 

Loadine  of  lone  Poata.  Sale,  |n,  p3. 

splay.  (S3,  piS, 

ol.horiDO.I.,Sale.lJ»,p1. 

Aoeleol,  iss.  p39. 

Loadi  on  footlnca,  124,  p«>. 

boit.  Marking  a,  (A3,  pa7. 

on  stone  column*.  Table  of  safe,  (28. 

137, 

cots  lor  purlins.  (32.  p8. 

Loam,m,  p«. 

Joint,  134.  p4. 

Locuat,  (31,  pS4. 

<1int.  Keyed,  134,  pS. 

Lons-leaf,  or  Oeorsla.  pine,  13L  p2S. 

Mliered  Joint.  Shotddered-and-,  iSi.  PS- 

Looae  Joiiiti,  IM.  i>2. 

Hllera.  Carved.  (35,  pl2. 
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xviii  INI 

Ultera-<ConttBned} 
HuntiaE.  i».  pl<- 
Ulxer,  Gilbrelh'i  portable  BT>*llr  ccmcraM, 

in.  IX. 

Uixen.  Batch  concrete.  127.  pC. 

ConliDuonB  concrete,  1-J7,  pt. 
HIiJde  concrete,  iTT.  pS. 

of  concrete.  Hud.  {ST.  pS. 

ot  coDcrele,  Machine.  177,  p4. 
MolBt  air  kiln.  tSl.plS. 
Moldlnra  for  alone  arcbea,  In,  pll. 

for   sloae   arches.  Label  and  lofflt.  i1». 

jm. 

Paneli  and.  134.  p24. 

Ralaed-plantcd.  |34,  plS. 

Rakine.  139.  pit. 

Sunk-planted.  IH.  pas. 
Holds,  Conerele  lermi  or.  f2T,  pi. 
Monolite.  Meantne  ot.  |J8.  pa. 
Uooriih.  arch.  Horseehoe.  or.  %2t.  pS. 
Uortar,  AdvanlaEe  ot  lime.  130.  pIS. 

colore  and  stains.  {%.  pl>. 

Deflnllion  ot.  lie.  p2. 

for  stone  masonry.  Cement  and.  138,  pS. 

in  freeiine  weattrer,  UBinK  lime,  |»,  plG. 

Lime.  t2«.  pK. 

PropotlloD  of   materials  In  cement.  fK. 
pis. 


Saod  used 

for.  IM.  pl8. 

les   and   preparation 

ol.    IK. 

P". 

■flne,  126.  pIB. 

Mortars. Table  of  tensile  Bltewtho 

tcementa 

andcemt 

mt.  IM,  pU. 

Mortise  and 

tenon.  Pootlns  ratten 

(SI.  p6T. 

-and-tenon 

joinl.lW.pia. 

joints,  in.  M9. 

-and- ten  on 

joints.  Methods    of 

secnriwr. 

ill.  p49- 

-and-tenon 

joints.  Uses  ot,  iSl.  pSO. 

NaillnK.  Blind.  (SI.  p7R. 

strip,  or  eround.  |S1.  pM. 
Natural  cement,  |!B.  ppfi.  1. 
Neat  cement,  ix.  plO. 
NeedliDE-  tSS.  pI6. 
Niebea.  [K,  pW. 
Nichols  steel  sqnare.  (58,  plO. 
Nonagon,  (SS.  pw. 
Northern  pine,  fSl.  p27. 
Norway  spruce.  Hi.  pl». 
Novelty  sldinc.  Beveled  and.  (82.  pfll. 


Oak,  BnKlltlt.  III.  pn. 

Live,  or  catloD.  131.  ptt. 

Oie^n  white.  (81.  p32. 

Pfn.  (31.  p33. 

Red,  (81,  p33. 

Teak,  or  Indian,  (SI.  p<2. 

While.  (Bl.  p8Z. 
Octa8:oD.  IfiS.  p2R. 

bav  window.  Laying  out  an.  (fit.  pSl. 

ot  elEbl-sMed  pa1r8:on.  Laying  ont  a  re 
ular.  (63.  p3S. 

scale  on  steel  tanare.  (£3.  pfl. 
Octagonal    post    From    a    square    tlmbi 
Framing  an.  (&S.  pl6. 

■roof  hip  ralters,  Side  cut  for,  (H.  pH. 

-roof  jack-rafters.  (54,  p«9; 

roots  and  towers.  (54.  p6t. 

roofs.  Backing  liips  lor.  (51.  p71. 

towers.  Brace  bevels  lor.  IM.  pTS. 

towers.  ParllBS  lor.  154.  pTS. 
Ogee  roofs.  Bell  and.  (83,  plS. 

stone  arches.  (39.  plS. 
Oregon  ash.  (81.  p8S. 

maple.  131.  p37. 

pine.  IS1.P39. 


Panel  back,  or  breast.  (34.  p4S. 
Panels  and  moldings.  (34.  pM. 

ol  wainscot.  Laying  out  and  spacing  atHei 
rails,  and,  (34,  pW. 
Pantry,  Butler's.  (86.  pS6. 

flltings.  (35.  p87. 
Parget.  (26,  pl8. 

Parquet  flooring.  Wood  for.  (81.  pS. 
Partition  deafening.  |ai.  p84. 
Partitions.  Hot-air  pipes  In,  (31.  pS8. 

Preserving  basenieut,  ill.  pS. 

Studding.  (SI.  p60. 

Trussed.  (31.  p87. 
Patching  stonework.  (38.  p40. 
Pavement.  Area.  (35.  p3. 
Pavements.  Stone.  |3S.  pl7. 
Pear  wood.  Apple  and,  (31.  pSD. 
Pediment,  Braken.  183.  p8A. 
Pendenlives.  132,  p83. 

PentBgon,  or  itve-Blded  polygon.  Laylne  oi 
regular.  (58.  p 


1.  (63.  p 


Perimeter  of  polygon.  I 
Persian  walnut.  (31.  MO. 
Penimmon.  American.  (31.  p42, 
PDaster.  Meaning  of.  118.  pIO. 
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PUa.  DeflnlHon  of  dose.  fZS.  pit. 

ddver.  IIS.  p2S. 

driving.  Teims  uied  Id,  123.  p23. 

hoaps.  (la.  pis. 

or  follower.  Defioitloa  of  lal>e.  133.  p^ 

Screw,  m.  pis. 
pnea  and  cribbace.  Wood  (or.  131.  p£. 

Benrtac,  1!3.  tfS. 

CalculalloDB  For.  IH.  pZ8. 

Concrete.  |I3.  pig. 

Concrete  flllloe  between,  1»,  pl9. 

Concrete  iheet.  118.  pll. 

Dlik.  {23.  p27. 

Drlvins.  113.  pIS. 

Meta).  iI3.  pIS. 

Pneumstic.  (IS,  pIT. 

Ptoiectlon  of,  (13.  pIS. 

Sand.  119,  pZ?. 

Shoelne.  133.  pV- 

Slone  fooltncs  on.  114.  pW. 

Timber  loodnss  on.  124.  plS. 

«<Ih  brick  arcbea.  Clniter.  |21.  pIO. 

Wooden.  113.  plS. 
PIKne  or  limber.  l31.  pl8. 

Wooden  iheet,  123.  p21. 
Pin  oak.  131.  p3I. 

Treenail  or  draw-bore.  131.  pp4R.  M. 
Pine.  BuU.  or  Califatnla  yellaw.  (31,  pIS 

Cnrly.  (31.  pis. 

Hird.orpltch.(tl,pIg. 

IdahowhUe,  131.  pIH. 

Long-leal,  or  Georgia.  (31.  p2a. 

Nonbem.  131,  pIT. 

Orecon.  IBI.  pis. 

a.  III.  p29. 


n  Weati 


1.  ISI.D 


White.  131,  pIT. 
Pipea.  Gatler  Unloa  and  leader.  (32,  p27. 

In  partlllona.  Hot-air.  i»1.  pB3. 
Pit.  aand.  VirdD,  or,  123.  p«. 
Plloh,   Hlp-and-valler  raftera  for  roofs 
il.  IM.  pSS. 


Pneaaialtc— (Cont 

piles.  123.  p2T. 
Pocket  of  window 
Poinli 


of  re 


e.  Har 


2.  pi. 
,  or.  (31.  p 


and  riae  ol  ri 


r.  Definil 


pS:  (M.pl. 

Valle;  roof  of  unequal.  (M.  pST. 

Valleya  on  roofa  of  uneanal.  IM.  ptG, 
Pitches.  Hip  foof  witb  uoeaaal.  (M.  p4l. 
Pfth.  of  treea.  Medulla,  or.  (11.  pS. 
Plain  floor,  131.  p'«. 

Plan  llnea.  Roof  fratnlDB'  Irom.  [M.  pl3. 
Hancher.  or  aofHt.  Meanlnc  ol.  131.  pit,. 
Plnater  cracks.  Avoidance  ol.  131.  pST. 

troundi.  131.  ptK:  132,  p35. 
Plinth  blocks.  lU.  pl5. 
Pnenmatlc  caisson.  (24.  p21. 


Polnlins  Elouework.  128,  p33. 
Polyeon,  Definition  of.  (63,  pZ7. 

Heptasonal,  (63.  pIS. 

HexaEonll.  (S3.  p2>. 

InscribinE  a,  153.  p3T. 

InscriblnE  a  circle  In  a.  (S3.  p3«. 

Layine  oni  a  reimlar  lieplMTon.  or  seven- 
aided.  153.  p34. 

Laying  oDt  a  regular  heiaffoir.  or  six-sided, 
(53.  P32. 

Laying  out  a  reipilar  octagon,  or  elehl- 
slded.  (&3.  pSS. 

Laying  oat  a  regular  pentagon,  or  flvn- 
sided,  ica.  pSI. 

Octagonal,  153.  p28. 

or  square.  Laying  out  a  reeuiar  quadri- 
lateral. 153,  p31. 

Pentagonal.  tSS.pIH. 

Perimeter  ol.  153.  p2T. 

Ouadrllateral.  153,  p28. 

Regular.  163.  pI7. 

Slieol,  153.  p27. 

Triangular,  158.  p28. 
Polygons.  Anglea  ol.  l6B.  pS7. 

Clasalflcation  ol.  153,  p2T. 

Laying  out.  153.  p27. 

Tables  ol  angles  of.  (63.  pSS. 
Poor  lime,  (26.  pS. 
Poplar.  Largetooth  aspen,  or  wbite.  131.  ptS. 

or  wbitcwood.  Yellow.  131.  p3S. 
Porch  posts.  Preserving,  (SI.  p«. 
Portland  cement  and  sand.  Table  of  tentUe 
strength  ol.  123,  plfi. 

cement.  Manulacture  ol.  (16.  p6. 
s.  lis.  pS, 


Post    Iro 


aod  sleepers  in  concrete  < 

Wood  lor,  (31.  pi. 
and  studs.  Sills.  18(.  p68. 


,  Framing  an 
rength  of.  (33. 
in  the  ground. 


porch.  (31.  p6. 

E  ol  long,  (33.  p3. 

rolshorl.iSS,  pi. 

ound.  Preserving.  131,  pS. 

,  (S3,  pi. 

>r  wbite  mabogany,  (SI.  p4L 
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■nd  Jack-raftert  for 

treei,  Ul.  pll. 

o(  board!.  tM,  p2a. 
lI  towers.  IM.  p73. 

■r,  in.  pe. 


;,  Laylnff  oat  a  rcffular. 

IS  affectins  the, 


na  lor.  m,  pl3. 
Its,  lS3.  p7. 

a.  I2S.  ppl.  IS. 


P67. 
Rail.  Cbair,  IN.  PIT. 
Rails,  aod  panel!  ol  waioscol.  LaTiDK  oi 

and  ipaclDS  slUes.  fS4.  pW. 

PootlDE'  relDforced  with  steel.  |U.  plT. 

Sllles  and.  IM.  pH. 
Raised-planted  moldloei.  |H.  pS. 
Raklns  moldlnss.  }»>.  pM. 
Rampant  stoae  arcbel.  139.  pIT. 
Random<ourBed  ashlar.  IS.  plO. 
Ksre  woods.  tSI.ptO. 
Red  cedar.  fSl.  pll. 

fir.  CalKomla.  (SI.  pSO. 

oak,  (31.  P^. 
Redwood.  (31.  PSI. 
Refrleeraiors.  JM.  pM. 


el  iqnare,  (53,  pi. 


ominon.  (54,  p8. 

lip.  (54,  pe. 

aek-,  S,M,  p9, 

.Ide  cut*  (or  hip.  IM,  ^17. 

inbacked  hip  or  valley,  i» .  r 


¥.  (S2.  P 


n,  1S2. p 


■k..  (52,  p7. 
ir  valley.  (12,  pS. 
-.  (32.  P«, 
iack-,  (54,  pM. 
.cek  cut  for,  (32.  pT. 
lice  plate  and.  [54.  p51. 
lEonol-roof  hip.  (M.  p«e. 


p34. 


(H.pSO. 


t.  ConaIder«,  or  h 

le  calntnns.  (Z7.  p2s. 
-concrete  conBtmctloa,  Ecoaomic 
o[.  (IT.  pU. 

I,    Rbldity   c 


pig. 


(27. 

n.  Skeleton.  {Z7,  p23, 
-concrete  footlnitB.  (14,  pW. 
-concrete  relalnlnK  walls.  (2S,  plS. 
concrete.  Uses  of,  (?7,  pM. 
4:oncrete  walls.  Clasiiacallon  of.  (IT.  p30. 
-concrete  walls.  Hollow,  (2T.  pll. 

Reinforcement  of  concrete.  Kahn  lylCem  ol. 
(27.  p26. 

Uoil  concrete  steel.  (ZJ.  pIT. 
Rcllcvinc  arches.  (25.  pl«. 

lintels.  Stone,  (23.  p22. 
ReialDinE  walls.  (!S.  pl2. 

walls.  Anchored.  (2».  plS. 

walls.  Re  into  rced-con  Crete,  (2t,  p3*. 

walls.  Stone.  (25.pl3. 
Ridce  boards.  (32.  p29. 

roll,  (32.  P30. 
RIdeea  of  dISercnl  heights.  {M.  pSI. 
RIeldlty  ol  rclnforced-coocrele  coniliuctloD. 

(27.  pis. 
RInt  stones,  or  voussolrs.  Skewbacks.  and. 
(M.p8. 


ioy  Google 


B«ck-(ConUnned) 

■ad  ETBvel.  Poollnct  on.  K*.  jfl. 
Rocki,  Pooodatlon  walla  partly  on,  |2<.  pgs. 
Rsdi  and  bolti.  Table  ol  Itasdard  dlametera 

of  threaded.  fSS,  p9, 
Romaa  cemanl.  iX,  p7. 
Rool  boards  for  a  bfpor  vaUer  roof.  Jacli- 

ralteri  and,  iM.  pU. 

and.  |M.  n;a. 

board!,  Purlint  sad.  |M.  olO. 

const rac Hon,  DeUflM  of.  IIS,  p22. 

Conple.  133.  pI7. 

Goveifne,  132,  p24. 

Double-pitch,  or  sable,  {31.  p2. 

Flal.lSI.pl. 

Plat  and  slnEle-pilcb,  t33.  pi. 

[ranliae,  IM.  pi. 

PramloE  an  Equal-pilob,  IM.  p21. 

PraminE  an  uneqnal-pllcb.  fU.  p32. 

tramlDK  [lom  plan  lluet.  Vtt.  pH, 

blp  raltera.Slde  cut  (or  octaeonal.  |».  pW. 

Jack-rallen  and  roof  boardi  for  a  hip  or 
valley,  IH.  pl8. 

Jack-raflera.  Oclaeonat-.  fSt.  pSS. 

Maniard.  or  curb,  132.  pp9.  II. 

of  u  legual  pilch.  Valley.  tH.  p3T. 

Pllch  of.  f32.  pi. 

Profllinar  hip  and  Jack-raltera  (or  a  curvi- 
linear. 132.  p22. 

Shed  or  lean-to.  IM.p3. 

SInele-pltch  or  ihed.  III.  pi. 

witb  anequal  plichea.  Hip.  IM.  p4]. 
Roolllnt.    Precanlloni    ID    be   obierved   In. 

(ja.psc). 

RoDli  and  lowert.  Detail!  of.  154.  pel. 
atid  lowers.  OctBEonal.  }S4.  pM. 
Backlnic  bipl  [or  ocCasonal.  (M.  p71. 
Bell  and  oeee,  t32,  plS. 

Compariion  of  bopperi  and.  {M,  p3i. 

Conical.  132.  pU. 

CouplKloK,  133.  pis. 

Ftal.  133.  pIT. 

PramlDE  beiacooal.  IM.  pJG. 

Gable-aud-valley.  |3I.  p5. 

nambtel.  [32.  pg. 

HeiuoDal,  in.  pis. 

Hip.  m.  p4. 

Hip-and-valley,  132.  pfi. 

Jack-rafteri    and   roof    boardi    for    hei- 

a«oaal.  {H,  pTB. 
Laylne  ont  a  hip  or  vallev  tor  equal-pllcb. 

IM.  PlJ. 
ol  ueqnal  pllcb,  Hip-and-valley    raflari 

for.  IM.  p38. 
Of  anequal  pitch.  Valleyt  on.  |M.  pM. 


Rool*-<ContlnnBd) 
Table  otscanllioEforcoUar'beani, {33.  pIB. 
Table  ol  acBntllns  for  couple.  |>3.  pig. 

Trussed.  {33.  pl7. 
Rosendole  cemeni.  lis.  p7. 
Rosewood.  {31,  p<l. 
Rot  In  limber.  Decay  or.  fSl.  pIS. 

In  timber.  Dry.  «l.  p4. 

in  Umber,  Wet,  Ml.  p4. 
Rubble.  Conrsed.  128.  p«. 

DlmenilDD  alone  and,  (38,  pSS. 

foundation  walls.  Stone.  (24,  p33. 

•tone  arches. «»,  p9. 

wain.  (at.  pj. 
Run  and  rise  lo  Inches,  fteduclng.  |M.  plO. 

rise,  and  pitch  of  rafter,  Deflnlllons  ol. 
Isa,  p9:  (H.  pi. 
Runway,  Heanins  of,  {23.  plD. 
Rust  on  trees.  (31,  plG. 


Safe  loadlne  oIIork  t>os(s.(>3.  pS. 

loadlnic  of  sbort  posts.  |S9.  pi. 

loads  on  Btoue  colnmus.  Table  of.  (IS,  p3T. 
Sand,  \-a.  pS. 

cemeni.  Silica,  or.  lie.  p7. 

holes  In  stone.  128,  p39. 

piles.  (23,  pz;. 

River,  (23,  pe. 

Table   of  tensile    alrenctb    of    Portland 
cement  and.  {2«.  plC. 

used  lor  monar,  (U,  pl3. 

VirslD.  or  pit.  (23,  p«, 
Santo    Domlnso,    or   Spanish,   mabosany. 

(31.  ptO. 
Sap  In  slone,  128.  p39. 

fntntea.  Crude.  131.  pI2. 

Id  trees,  Klaborsted,  131.  pl3. 

wood  and  heart  wood.  (31.  plO. 
Sash,  Plltlns  and  banelne  window,  (M,  p«I. 

Maklne  window,  (34.  p4S. 

wainscotlne,  etc..  Wood  for  solid  framed 
doors,  (31.  p2. 

Water-tlsht  window.  {34.  p44. 

Window.  134.  p33. 
Sasbaa,  Window,  (84,  p44. 
Saw  kerBnE.  Wood  beodlnE  by.  tSS.  Pl!>.- 
Sawtns  Umber.  Methods  of,  (31.  p22. 
Scale,  Decimal.  {AS,  pis. 

for  board  measure  on  steel  iquBTT,  ISS.  pe. 

on  steel  aqaate.  Brace.  163,  p«. 

on  steel  square,  Diaional.  im.  pS. 

on  steel  aquare,  Octatron,  153,  p3, 
Scanllina  for  collar-beam  roofs.  Table  ot 

for  couple  roots.  Table  ol.  {S3,plB. 
for  kinspoat  truss.  Table  of.  1(3.  pW. 
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sills,  SiH  of.  128.  p28. 

11.  pl5. 
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*r.  Dry.  Ml.  pM. 
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RBfler  lablea  od  ItMl.  fSS,  pS. 
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SleamiDf .  Wood  bendlon  by.  tSS.  PlS. 
Steel  bars.  Fooilnira  reinforced  wllb.  IM,  plO. 

■  beams.  Poollnss  reinforced  with.  131,  pM. 
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aqnare.  Testlne  a.  fS8,  pIS. 
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iM.p«. 
Stem  of  trees.  Structure  of,  fSl.  pl2. 
Steps.  Area.  I2G.  p6. 

Stone,  IM.  p3I. 
Stiles  and  rails.  |34,  plT. 
rails,  and  panels  of  wainscot.  Laylnjc  ont 
and  ipaciuE.  IH.  pW, 
suited  atone  an:hei.  |».  plO. 
Stimp  Irons  or  banKers.  til.  p52. 
Stone  and  mbbia.  Dimension.  1%.  pS8. 
apeies.  |1«.  p». 
arch.  Orlsia  ot.  fn.  pt. 

I,  Backins  of.  1»,  plS. 


I  Ilerods  tor.  !».  pV. 
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arcbe*.  Early.  In.  p&. 
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arches.  Plat.  i»,  p«. 

arches,  Four-centered,  is.  pU. 

arches.  Historical  examples  of,  {».  pi. 

archea.  Kinds  of.  i».  pS. 

arches.  Label  and  aoffit  moldliv*  lor.  f2t, 
p2l. 
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colamus,  (28.  p29. 

columni.  Table  of  safe  loads  on.  (28,  pST. 

defects.  I2«.  p39. 

Paull*  In  dreasine,  (28.  MO. 

flacKlnE  for  vault  covers,  Calculallnc,  |3G. 

plO. 
footlnss.  Concrete  and.  (21.  pZ. 
fooClDcs  on  pile*.  fSl.  pl>. 
for  ashlar,  12«.  pM. 
Knoll  In.  (».  p89. 
lintels.  128.  p21. 
Ilntela.  Built-up.  |2g.  p3». 
lintels,  I-I>e>m  supports  for.  138.  pM. 
lintels.  Streneth  of.  |2g,  p21. 
maaonrr,  Cement  and  mortar  for.  (28,  pi. 
masonry.  Defective  methods  Id.  128,  pX. 
pavements.  {2S.  plT. 
rellevlni  lintels,  128,  p21. 
retain lUE  walls.  (2&.  pIS. 
rubble  foundatloa  walls.  |M.  pO. 
Sand  holes  in.  (28.  p39. 
Sap  In.  128.  pS9. 
sidewalks,  (28.  pIS, 
steps.  128.  pll. 
trimmlnsa.  (28.  p20. 
washes  and  dcipa,  (28,  p20. 
Stones  and  templets.  Bond.  (28,  pIT. 
Copina.  (28.  pW. 
Jamb,  (28,  pI9. 
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I  of.  (29.  p*. 
Stonework,  BacklDE  ashlar,  (28,  pM. 
Broken  ashlar,  (28.  pll. 
ClasslBcallon  ot,  128,  pi. 
Cleaning.  128,  pM. 
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luipecllon  of.  {28.  p39. 

Lay  In?,  {2S,  i>40. 

UeaaureiDenl  of.  {28.  pSfi. 

or  brickwork,  Freservlas  woodwork  adja- 
coDl  to.  (81.  pa. 

PatchlDg.  {2S.  p30. 

Polnline.  lis.  pS3. 

ProtectloE.  (28,  [>35. 
Slore  fronts.  (S2.  p90. 
Storm  doors.  iS4.  p3S>. 
Straddle,  or  bridrc.  Joints.  (31,  pse. 
Strenelh  of  beams  and  iolsli.  (83.  [rf. 

oIcetneDts  ^nd  cement  mortars.  Table  of 
teaaile.  {20,  cU. 

of  concrete.  Table  ol  cmBhfnB',  {17.  p2. 

of  masoarr.  Table  of.  {28.  p3e. 

of  Portland  cement  and  sand.  Table  of 
tensile,  128,  p]«. 

ot  posts,  (S3,  pi. 

of  posts  and  beams.  Table  of,  {SI.  p2. 

of  stone  JlntelB.  [2fl,  p21, 
Strineer  cuts.  Bevels  for.  (85,  pS. 
StrlnEers.  La; InE  out  stair,  (63,  p4fl. 
Sluddinc  partltloas.  (81,  pSO. 
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and  bolts,  {SS.  p9. 


sts.  {31.  p6B, 
I,  (24, ptl, 
Ueanins  of.  (23.  p9. 
A,  maple,  {SI.  p3«. 


Table  of  ansles  of  polysons.  (53,  p3g. 
of  cmihiDB  Blrenstb  of  concrete.  Ml,  p2. 
of  decimals  of  an  iocb  lor  eacb  Utli  and. 

24tb,  (5S, pl9. 
of  resnlls  of  testing  bled  timber,  |31.  p7. 
of  safe  bearlna  values  of  dUtereni  founda- 
tion soils,  [ai.  p». 
of  safe  loads  on  stone  columns,  (2S.  pST. 
of  Bcanllini!  for  collar-beam  roofs,  {33, 
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:oanler  and,  (31.  p3. 

r.  (53,  p8. 
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Servfnc  tSfi.  p41. 
Teak,  or  Indian  oak,  (31,  p42. 
Templets,  Bond  stones  and,  US.  pI7. 
Tenon.  Brldee.  [31.  p6e, 
Pootinc  rafters  vliboat  mortistf  and.  (31, 
pB7. 
Tenons.  Tusk,  131.  pS2. 

Tenslte  alreneth    of   cements    and   cetnent 
moHars,  Table  of,  126,  pll. 


bled  timber.  Table  oi  results  of,  181,  p7. 
Thickenlnsxone  of  trees,  {31,  pll. 
Tbree-cenlered  stone  arclies.  {29.  pl3. 
Tie-beam  splice.  (31.  pp68,  65. 

-rods,  for  stone  arcbes.  Beams  and.  119. 
pao. 
Timber.  Air  seasoning:  of.  (31,  p24. 

Bleedlns,  (31,  p6. 

Conditions  aaeclins  tile  quallCy  of.  181,  plS. 

DecBT  of.  (31,  p3, 

Draiy  knots  in.  (81,  plV. 

Dry  rot  In,  131.  p4. 

Effect  ol  vlndstorms  onerowtb  of,  (31,  pl&. 

footiuEB,  124.  p2. 

footiaes  on  piles.  {21.  plS. 

for  endnrioE  vork.  Preserving,  {St.  pS. 
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«  of  soil  on  growth  of,  {81,  pit. 
KUd  dryine  ol.  {31,  p2B. 
Laying  out,  (31.  p20. 
Methods  of  preservltis,  (31.  pG. 
Melbods  of  sawing,  (SI.  p22. 
Seasoning  of.  {81.  p21. 
Selection  ol.  {31,  ppl,  19. 
Structure  and  growth  of.  {SI.  p8. 
Table  of  resnlls  of  testing  bled.  (81,  pT, 
trees.  Stmctore  and  growth  of,  |S1.  pa. 
Wet  rot  in.  131,  p4. 
work.  Half-,  {82,  plOB. 
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TImben    uid  flacpolei. 
111.  pi. 

Flve.tncb    method   of  UriiW   oat    ' 
IM,  pll. 
Time  tor  felUoE  Ireen,  [31.  pis. 
ToevBillnr.  1S1.P4B. 
ToDEiied.«rid-erooved  Joints.  W.  pe. 


TnUp  wood,  til,  p<3. 
Tnik  tenon  ■.  |31.  p&Z. 
Two-cenlerod  tlone  archo*.  t 

Kinsped  arch.  |2B.  pl8. 

■cBspod  atone  arcbea.  129.  p 


Toothed  bonding.  MeanlnK  of.  128,  pl5. 

Unb«cked  hip  or  valley  raften.  LaylnR  on 

Tonen.  Beveli  for  square,  !M.  P6S. 

IH.  pt9. 

Brace  be.ela  for  octaaooal.  {H,  p76. 

Undecaeon.  1G3.  pZS. 

Detail!  of  roofs  and.  iM.  p<8. 

OnderpltininK,  {23.  pig. 

OclasonBl  roofa  and.  )M.  pM. 

Unequal   pitch.  Hip-and-vaUoy  ratters    (i 

Pnrliaa  for  octasonnl,  |M.  p7S. 

roofs  of,  IM,  p3«. 

Trass,  128.  p8. 

-pilch  roof,  Pramtna  an.  iM,  p32. 

Treeionca.  isi,  plO. 

pitch.  Valley  roof  ol.  {M.  pST. 

TreenaH.  or  draw-bore  pin.  131.  pplS.  EO. 

pitch.  Valleys  on  roofs,  of,  15*.  p«. 

Trees,  Aorogenou.,  [SI,  p8. 

pitches.  Hip  roof  with.  ifil.  p4l. 

Albumen  of.  SSI.  plO, 

Unit  concrete  steel  reinforcement.  (27.  p27. 

Cambhim  layer  In.  {31.  pll. 

United   States.   Cement    ladoaErT    In    tb 

{■».  p«. 

Crude  sap  lo,|Bl.pl2. 

Divisions  of,  ISl,  pB. 

Dnramen  ol,  131.  plO. 

Valley  lor  eqnal-pltcb  roofs.  Laylne  out 

Elaborated  sap  In.  181.  pis. 

hipor,  154.P17. 

Meanine  of.  {32.  p2. 

Eioeenous.  l3],  pS. 

-rafter  cuts.  Hip.  and.  IM.  pll. 

Medulla,  or  pith.  of.  fSl,  p9. 

rafters.  Backlne  hip  or,  VU.  p23. 

Medullary  rays  In.  fSl.  pll. 

MedulUry  sheath  of.  !81,  p9. 

IM.  pse. 

Proper  time  fo*  fellfne.  IBI.  plS. 

rafters,    Laylns'    out    iinbatked    Dip    o 

Protoplasm  of.  iSl.  pit. 

IM,  p»9.. 

Rnston.Wl.plfi, 

Structure  ol  stem  ol.  {31,  plZ. 

Seat  cullorhlpor,  (M,  p21. 

Thicken ine  zone  ol.  [SI.  pll. 

Sidoculolhlpor,  iS4.p8. 

Wood  cells  of.  131,  p9. 

Triangle.    LayioE   out    an   equilateral.  [U. 

pM. 

Van  I>orn  haOEers.  [SI,  ppSS.  M, 

Locatlne  the  center  of  a.  {.SB.  p30- 

Vault  construction,  f26.  p8. 

TrianBuiar  polyifon.  153.  p!B. 

covers,  CaiculntiHB  slooc  tlaerclna:  1 

Trim,lnlerlo.,(84,  pl5. 

llEhls,  m.  p9. 

Window  frame  with  interior,  134.  p4J. 

Wood  foreitcrior,  [SI.  p2. 

Pointed.  [32.  p82. 

Wood  (or  Interior.  (SI,  p». 

Sldewalli,  125,  p6. 

Trimmer-arch  cenlers,  {32,  pJS. 

Veneer,   Wood  bendlns   by    backini 

jDllls.  131.  PT», 

pl7. 

Veneered  doors.  iX..  pM, 

Triple  wlndowi.  [»t,  pM. 

work.  Wood  for.  [SI,  P2, 

Trae  ellipticol  arch,  (29,  pH. 

Veneerinsr,  [35,  PIS- 

Truss.  Kinepost,  l33,  plB. 

of  small  circular  column.  (SS,  p22. 

ODcenpoBt.133,  p-tl. 

Venelian-dothic  stone  arches,  129.  pi 

Table  of  scantlinK  for  tlndpost.  {33.  p30. 

Verandat  on  struct  Ion.  Details  of.  {32 

Veranda,!,  [32,  pH. 

F-n. 

Virgin,  oi  pll.  sand,  [23,  pS. 

Trussed  pariitiona.  {Jl.  pBT. 

soil,  (23.  pi. 

roofs,  (»3,  pl7. 
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Waconbead  dormer  wiodow.  in,  ptT. 
WBinscol.  LBcbw  ont  uid   toadatl  •tflBt. 

ralU.  and  panels  of,  134.  p2D. 
Waloicollns.  ate.  WihkI  for  Mlid  bamad 

doon,  sasb,  ISl,  p2. 
WalntcotB.  Dado*  and,  iU.  pIT. 
Wale.  Daanlllon  oi.  121.  p2S. 
Wall.  Conitnictton   of  window  (ranM  [or 
maionry.  |U.  psa. 

ConauncUon  ol  window  frama  lor  wood, 
1M.P»7. 
Walls,  ADCbored  relalninc.  (It,  pM, 

Area.|2i,pl. 

ClBialGcation  □[  reinforoad-coacrele.  137, 
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for  lomlture,  ISl,  p3. 
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Red.  {31.  p33. 

Teak,  or  Indian,  {31.  pl3. 

Wblte.  131.  p32. 
Pear.  [31,  pSS. 

PeTBlmmon.  American,  {SI.  p 
Pine. 


lomlB  yellow,  or  BoU.  iO,  pSK 
uaroJiDB.  or  ibon-lEa(.  [31,  piS. 
Curiy,  [31.  p28. 

Douelai  fir.  or  Oreaon.  (31,  p2t. 
Georvia.  or  lone-leal.  (31.  p2S. 
Idaho  nhil 


LOUE 


.rWcB 


otBla.  {31.  pj 

i. 

>.  131.  D 


1,  [31. 1 


Poplar,  lateeloolh  aapen.  or  while.  Itl.  p3& 

Yellow.  [SI.  p38. 
Quebracho.  (31.  pt3. 
Redwood.  ISl.pSl, 
Roiewood.  131.  pi  1. 
Spruce,  Balaani  fir,  or  tins^e.  (81.  pSO. 

Black,  {31.  p29. 

NorwBy,  iSl,p59. 

Sitka,  or  Western.  (31.  pSD. 

While.  (31,  p29. 
Srcamore,  CallforDla.  {SI,  pW. 

orbutionwood.  {31.p38. 
Teak,  or  Indian  oak,  {SI.  pU. 
Tulip  wood.  131.  pt3. 
Walnut.  Black.  131.  p31. 

Balternul.  or  wbite.  ISI,  pSS. 

CircBiilBD.  [31.  pM 

Persian.  {31.  p40. 

Y 
Yew.  (SI.  p32. 
Yellow  pine.  Bull,  or  CalifoniU,  ISI,  p2Sl 

poplar,  or  wbllewood.  131.  pW. 
Yew,  {SI.  p82. 


itizecoy  Google 


i,  Google 


(    1  ll^l^lll 


itizecoy  Google 


^     -neo 


Dig.iea,  Google 


,1,1.1,  Google 


i,  Google 


,1,1.1,  Google 


»107niV017 


BS9071917017A 


,1,1.1,  Google 


I 


K.F.  WENDT  LIBRARY 
UW  COLLEGE  OF  ENf:-. 
215  N.  RANDALL  AVEr'UE 
53706 


u,j,i„..  ..Google 


i,  Google 


